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TRANSFOEMEKS. 


BY   HARBIS   J.    RYAN. 


The  apparatus  by  means  of  which  electrical  energy  of  one 
form  may  be  transformed  to  that  of  any  other  form,  few  engi- 
neers fail  to  appreciate. 

So  great  have  been  the  anticipated  possibilities  offered  by  the 
application  of  the  modem  transformer  of  alternate  current  energy 
that  in  most  cases,  in  our  country  especially,  has  the  transformer 
found  immediate  application,  with  but  little  thought  or  study  of 
its  exact  performance.  Much  experimental  work  has  been  done 
by  trial  methods  to  the  end  that  our  manufacturers  are  able  to 
supply  transformers  that  answer  for  much  that  is  desired  practi- 
cally, with  a  commercial  efficiency  that  can  be  made  higher  than 
is  probably  possible  by  any  other  transformer  of  energy. 

In  electrical  engineering,  as  well  as  other  branches  of  engineer- 
ing, for  the  broad  application  of  one  method  or  another,  it  is  al- 
ways of  the  highest  importance  that  the  cause  and  extent  of 
every  effect  be  thoroughly  understood  with  regard  to  the  mutual 
action  and  interaction  of  all  forces  and  materials  in  relation  to 
themselves,  or  to  energy  of  one  form  or  another. 

It  was  with  a  view  of  obtaining,  so  far  as  possible,  a  clear  un- 
derstanding of  all  phenomena  that  take  place  in  the  commercial 
transformer,  that  the  work  producing  the  results  here  set  forth 
was  undertaken.  It  has  not  been  possible  at  this  time  to  prepare 
a  paper  as  complete  as  has  been  desired,  and  we  trust  that  in  the 
near  future  we  may  add  more  data  to  that  which  is  here  presented. 

In  the  outstart  of  this  paper  it  should  be  said  that  the  results 
of  the  experiments  that  are  here  presented  were  wrought  out 
jointly  by  Mr.  Ernest  Merritt,  of  the  department  of  physics, 

Digitized  by  VjOOQIC 


2  RYAN  ON  TBANSFOBMBBS,  [Dec,  17, 

Cornell  University,  and  the  writer.  What  we  had  in  mind  in  the 
work  was  an  accurate  determination  of  the  exact  performance  of 
the  commercial  transformer  whereby  one  should  be  able  to  derive 
results  and  data  that  should  enable  all  phases  of  the  performances 
of  transformers  to  be  understood  clearly,  and  that  should  show 
the  requisite  principle  of  proper  design.  It  may  be  well  to  state 
briefly  the  general  method  we  employed.  A  single  ten-light 
transformer  that  had  been  made  and  supplied  for  commercial 
purposes  for  incandescent  lighting,  with  1,000  volts  in  the  prim- 
ary and  50  volts  in.  the  secondary,  was  selected  as  a  sample  for 
investigation.  It  probably  represented  fairly  well  the  average 
commercial  performance  of  transformers,  and  might  therefore  be 
said  to  embody,  to  a  certain  extent  at  least,  proportions  that  have 
proven  by  experience  and  experiment  to  be  best  for  the  particular 
purpose  for  which  it  is  supplied. 

This  transformer  was  operated  under  the  same  impressed 
E.  M.  F.  supplied  from  the  electric  lighting  plant  in  which  it  had 
been  used  for  supplying  incandescent  lamps  commercially.  It 
was  operated  with  its  secondary  open  and  the  same  closed  through 
one  lamp,  five  lamps,  and  ten  lamps,  and  under  these  several  con- 
ditions the  exact  instantaneous  values  of  the  ever  varying  pri- 
mary impressed  b,  m.  f.,  primary  current,  and  the  e.  m.  f.  at  the 
terminals  of  the  secondary  were  observed.  Again  under  these 
several  conditions  the  square  roots  of  the  mean  squares  of  the 
above  values  and  of  the  secondary  current  were  also  observed. 
Then  with  these  observations,  the  dimensions  and  the  details  of 
the  construction  of  the  transformer,  many  of  the  facts  and  per- 
formances that  the  engineer  is  concerned  with,  are  brought  to 
light. 

Naturally  the  first  thing  to  be  considered  is  the  electrical 
measurements  and  how  they  were  made.  A  point  on  the  arma- 
ture of  an  alternator  always  passes  a  fixed  point  in  its  circum- 
ference at  a  time  corresponding  to  a  definite  value  of  the  varying 
£.  M.  F.  and  current,  alike,  with  regard  to  these  quantities  in  the 
primary  feeders,  transformer,  primary  or  secondary,  etc.,  so  long 
as  the  conditions  remain  constant.  In  our  experiments  we  were 
only  concerned  with  the  values  of  the  e.  m.  f.  impressed  at  the 
terminals  of  the  primary,  the  primary  current  and  the  secondary 
E.  M.  F.,  then  by  changing  the  position  of  the  fixed  point  relative 
to  the  machine,  the  rotating  point  of  reference  in  the  armature 
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would  pass  the  new  position  of  the  fixed  point  at  corresponding 
different  values  for  the  primary  e.  m.  f.,  primary  current,  and 
secondary  e.  m.  f.,  with  respect  to  themselves  and  the  position  of 
the  armature. 

In  Fig.  1,  B,  L,  is  a  prism  of  hard  rubber,  bearing  a  project- 
ing strip  of  brass,  b,  that  on  its  upper  side  is  filed  to  a  dull  edge. 
This  edge  is  taken  as  a  fixed  point  on  the  armature.  An  arm,  f 
D,  is  arranged  to  rotate  about  d  as  a  centre,  a  point  that  is  in  line 
with  the  axis  of  rotation  of  the  armature.  A  semi-circujar  board 
of  hard  wood,  attached  rigidly  to  the  dynamo  frame,  serves  both 


FIG.l. 

as  a  support  for  this  arm  and  a  circumferential  scale  whereby 
the  position  of  the  arm  may  be  observed  relatively  to  the  machine. 
The  arm  is  made  of  brass  and  given  the  form  shown  in  the  figure. 
It  was  bent  into  a  U  shape  at  the  top  so  as  to  pinch  the  board 
and  thus  remain  fixed  in  any  position  desired.  At  the  top  of 
this  arm  is  mounted  a  bar  of  hard  rubber  projecting  toward  the 
dynamo  parallel  to  the  armature  axis.  On  its  under  side,  fastened 
at  G,  is  a  brass  strip,  a  tongue,  h,  a,  of  spring  brass  is  attached  at 
the  end  and  at  right  angles  to  the  brass  strip  h  g,  as  shown.  The 
position  of  this  part  of   the  apparatus  is  carefully  adjusted  so 
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that  the  point  about  which  the  arm  rotates  is  in  line  with  the  axis 
of  rotation  of  the  armature  and  the  sharply  upward  curved  end  of 
the  tongue  h  a,  just  over  the  edge  of  the  brass  strip  at  b.  Then 
when  the  armature  is  rotated  the  strip  h  o  may  be  sprung  in- 
ward radially  by  turning  the  thumb-screw  n,  until  the  tip  of  the 
tongue  A  is  heard  to  just  lightly  touch  the  edge  at  b  as  it  passes. 
The  arm  may  then  be  adjusted  by  hand  so  that  the  tongue 
will  touch  the  fixed  edge  on  the  armature  at  any  desired  phase 
of  the  primary  e,  m.  f.,  primary  current  or  secondary  e.  m.  f.  and 
current.  Coaxially  with  the  armature  a  small  brass  rod  is  mounted 
on  the  bar  of  hard  rubber  b  l.  It  is  connected  metallically  to  b 
by  means  of  a  wire.     At  o,  on  the  frame  work  supporting  the 
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FIG.  2. 
semi-circular  board,  etc.,  is  mounted  another  piece  of  hard  rubber, 
insulating  and  supporting  the  thin  metallic  strip,  p  o,  that  bears 
against  the  above  brass  rod.     o  and  i  then  are  the  terminals  of 
this  commutating  apparatus. 

In  Fig.  2,  E  F  is  a  non-inductive  resistance  in  series  with  the 
primary  of  the  transformer  which  is  at  work.  At  a  is  the  ap- 
paratus described  in  Fig.  1,  and  £  is  an  electrometer  reading 
through  a  wide  range. 

The  terminals  of  the  above  non-inductive  resistance  and  those 
of  the  electrometer  are  connected  together  through  the  commuta- 
ting apparatus  at  a.  Then  it  must  be  evident  to  all  that  the  elec- 
trometer will  become  charged  with  a  difference  of  potential  equal 
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to  that  existing  between  the  terminals  of  the  non-inductive  resist- 
ance at  the  instant  that  the  fixed  edge  on  the  armature  passes  the 
tip  of  the  tongue  in  the  apparatus  at  a.  By  reading  the  indica- 
tions of  the  electrometer,  therefore,  and  knowing  the  value  of  the 
non-inductive  resistance  e  f,  tlie  value  of  the  primary  current 
corresponding  to  the  particular  phase  due  to  the  position  of  the 
arm  in  the  apparatus  at  a  becomes  known.  In  a  similar  manner 
the  primary  and  secondary  e.  m.  f.  ai-e  observed  by  changing  the 
connections  accordingly  at  g\  g^  G^  G^  Then  the  arm  is  rotated 
to  another  position,  corresponding  to  a  different  phase,  and  the 
corresponding  values  of  e.  m.  f's  and  current  again  observed  as 
before.  In  this  manner  we  proceed  at  equal  intervals,  sufficiently 
near,  so  that  a  curve  may  be  determined  by  the  values  thus  ob- 
served at  the  several  intervals,  so  that  the  values  of  the  e.  m.  f's 
or  currents  shall  be  accurately  known  at  all  times  throughout  a 
complete  period. 

A  few  words  with  regard  to  the  electrometer  at  e,  are  not  out 
of  place  here.  It  is  the  form  that  the  writer  devised  especially 
for  this  and  similar  purposes.  The  essential  features  for  an  elec- 
trometer for  these  purposes  are  that  it  shall  have  the  widest  pos- 
sible range  through  which  it  will  read  with  accuracy.  Its  indica- 
tions must  be  unvaried  by  the  absolute  potential  to  which  it  is 
subjected  as  a  whole.  Its  law  must  be  perfectly  definite,  and  it 
is  also  desirable  that  its  constant  be  unchanging. 

Fig.  3  illustrates  this  instrument  in  diagram.  It  consists  essen- 
tially of  cylindrical  electrometer  needle  and  quadrants  e.  d.  To 
the  upper  side  of  the  electrometer  needle  is  attached  a  magnetized 
steel  mirror  that  acts  as  a  magnet  and  as  a  mirror  for  observing 
the  position  of  the  same.  The  needle  is  hung  by  a  single  silk 
fibre,  H,  from  a  hook  in  the  top  of  the  case,  as  shown.  Metallic 
contact  from  the  needle  to  the  case  is  made  by  means  of  a  pla- 
tinum wire,  .0002  inches  in  diameter.  This  wire  is  readily  pro- 
vided in  the  desired  form  by  using  the  platinum  cored  silver  wire 
that  is  supplied  by  makers  of  surveying  apparatus.  It  is  cut  the 
desired  length,  and  hooks  bent  into  shape  at  its  terminals.  By 
immersing  all  of  it  but  the  hooked  terminals  in  nitric  acid,  the 
silver  is  dissolved  away  leaving  the  fine  platinum  core  terminated 
by  the  two  silver  hooks.  One  end  of  this  platinum  wire  thus 
prepared  is  linked  into  a  hook  into  the  top  of  the  electrometer 
case  and  the  other  end  into  a  small  ring  formed  by  a  twist  of  the 
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aluimnum  wire  that  surrounds  the  mirror  c.  The  electrometer 
case  is  circular  and  the  above  needle  and  quadrants  are  arranged 
so  that  the  magnetized  mirror  is  at  the  centre  of  the  case,  and  the 
needle  and  quadrants  below  it.  About  the  case,  as  the  figure  in- 
dicates, is  wound  a  coil,  b  b,  of  rather  fine  insulated  copper  wire. 
The  magnetic  mirror  and  this  coil  then,  when  the  latter  is  in  the 
magnetic  meridian,  constitute  an  arrangement  similar  to  that  of  a 
tangent  galvanometer.  In  the  electrometer,  the  needle,  case,  and 
one  set  of  quadrants  are  connected  together  and  form  one  ter. 


minal  and  the  other  set  of  quadrants,  being  connected  together 
form  the  other  terminal  of  the  instrument,  in  the  manner  set 
forth  in  the  diagram.  Thus  then,  when  the  electrometer  ter- 
minals are  subjected  to  a  difference  of  potential,  the  needle  is 
acted  upon  by  a  couple  brought  about  by  the  electrostatic  forces 
and  is  deflected  from  its  position  of  equilibrium.  Then,  as  is 
shown  in  Fig.  2,  current  from  a  gravity  cell  in  circuit  with  a  suit- 
able rheostat  is  sent  through  the  coil  on  the  electrometer  in  such 
a  direction  that  the  needle  is  brought  toward  its  zero  position  by 
the  action  of  the  coil,  carrying  the  current,  on  the  magnetized 
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mirror.  The  current  is  then  farther  adjusted  till  the  needle 
stands  balanced  at  zero  under  the  mutual  action  of  the  electro- 
static and  the  electromagnetic  forces.  Under  such  circumstances 
then  the  difference  of  potential  is  proportional  to  the  square  root 
of  the  current. 

If  we  can,  as  was  the  case  when  the  measurements  here  present- 
ed were  made,  consider  the  b.  m.  f.  of  our  cell  constant,  the 
difference  of  potential  is  likewise  proportional  to  the  square  root 
of  the  reciprocal  of  the  total  resistance  in  circuit  with  the  cell. 
Parallel  readings,  taken  with  a  standard  voltmeter  throughout  a 
range  varying  from  8  to  600  volts,  gave  identical  results  showing 
no  deviation  from  the  above  law  and  an  unvarying  constant.  On 
account  of  the  metallic  case  and  its  connection  to  the  rest  of  the 
apparatus,  the  indications  of  the  electrometer  are  so  far  as  could 
be  observed,  entirely  independent  of  the  absolute  potential  to 
which  it  is  subjected  as  a  whole.  In  Fig.  2,  when  contact  was 
made  at  a,  and  the  electrometer  charged  to  the  potential  differ- 
ence to  which  its  terminals  were  then  subjected  it  was  found  that 
considerable  of  the  charge  was  dissipated  by  leakage  during  the 
course  of  a  revolution  of  the  armature,  no  matter  how  good  the 
insulation  of  the  apparatus  was.  A  one-half  microfarad  mica 
condenser  was  then  placed  in  multiple  arc  with  the  terminals  of 
the  electrometer  at  c.  Then  after  a  few  revolutions  of  the 
armature  the  condenser  became  charged  to  precisely  the  same 
difference  of  potential  existing  at  the  terminals  of  the  electro- 
meter D  B,  as  shown  in  Fig.  2,  when  the  rotating  edge  on  the 
armature  passed  the  tip  of  the  tongue  on  the  arm  at  a. 

Under  these  circumstances  the  leakage  that  occured  was  entirely 
unobservable  as  compared  to  the  charge  in  the  condenser  during 
the  course  of  time  required  for  the  armature  to  make  many  revolu- 
tions. Thus  arranged  then  the  electrometer  would  give  accurate 
readings  of  the  primary  and  secondary  e.  m.  f.'s  and  primary 
current  corresponding  to  the  connection  of  its  terminals  and  the 
position  of  the  arm  at  a.  Again,  the  square  root  of  the  mean 
square  of  any  of  these  values  could  at  any  time  be  read  from  the 
electrometer  by  short-circuiting  the  apparatus  at  a,  and  cutting 
out  the  condenser  at  c.  For  the  purpose  of  obtaining  the  curve 
of  impressed  b.  m.  f.  and  the  i^mean^  of  the  same,  twenty-two  50 
volt  lamps  were  put  in  series  across  the  primary  circuit.  The 
Vmean',  of  the  impressed  e.  h.  f.  in  the  primary  was  then  obtain- 
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ed  by  reading,  by  means  of  the  electrometer  with  the  condenser 
cut  ont  and  the  commutating  apparatus  short  circuited  the  l/mean^ 
difference  of  potential  existing  between  each  set  of  two  lamps, 
lu  this  way  11  readings  were  obtained,  the  sum  of  which  was 
the  total  impressed  £.  m.  f.  This  served  as  a  calibration  of  the 
non-inductive  resistance  formed  by  the  lamps.  At  the  same  time 
that  these  observations  were  made,  two  lamps  were  determined 
upon  to  be  used  in  all  subsequent  observations  on  the  total  e.  m.  f. 
The  above  observations  served  then  as  a  calibration  for  the 
indications  of  the  two  lamps  -thus  to  be  used.  For  the  constant 
obtained  by  the  ratio  of  the  above  total  e.  m.  f.  to  the  e.  m.  f.  of 
these  lamps  taken  at  the  same  time  always  served  to  deduct  the 
total  l/mean^  or  any  particular  value  corresponding  to  a  particular 
phase  of  the  impressed  primary  e.  m.  f.  when  the  same  had  been 


FIO,4. 

observed  with  regard  to  the  two  lamps  in  the  group  thus  set 
apart.  In  this  way  we  avoided  the  direct  measurements  of  the 
total  impressed  e.  m.  f. 

Two  50  volt  lamps,  e  and  f,  were  placed  in  series  with  the 
primary  for  a  non-inductive  resistance,  and,  as  previously  stated, 
the  0nean'^,  and  the  values  corresponding  to  any  particular 
phase  of  the  fall  of  potential  through  these  lamps  were  observed. 
This  gave  a  measure  of  the  Vmean^  or  any  particular  value  cor- 
responding to  a  particular  phase  of  the  primary  current,  when 
the  resistance  of  these  lamps  was  known  at  the  temperatures  to 
which  they  were  brought  by  the  current.  A  curve  of  resistance 
corresponding  to  the  range  of  currents  through  which  we  used 
these  lamps  was  determined  carefully  by  Mr.  Merritt,  at  the  Cor- 
nell magnetic  observatory. 

In  series  with  the  secondary  circuit  was  placed  a  gravity  am- 
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meter  containing  a  few  small  turns,  and  correct  in  its  adjustment. 
It  indicated  the  l^mean^  in  the  same  way  that  an  electro-dyna- 
mometer would  have  done.  The  observing  of  the  various  values 
of  the  secondary  e.  m.  f.  required  no  special  arrangement — this 
was  done-direct  in  all  cases.  Since  the  secondary  was  always  at 
work  on  a  circuit  possessing  almost  no  inductance,  no  determina- 
tions of  the  curve  of  secondary  current  were  made,  for  it  would 
be  found  to  be  so  nearly  in  unison  with  the  secondary  e.  m.  f.  and 
possess  all  the  characteristic  variations  cf  the  same.  The 
i^mean^  of  its  value  was  always  known  from  the  indications  of 
the  ammeter.  As  a  load  for  the  transformer  ten  16  c.  p.  50  volt 
lamps  were  provided  that  could  be  turned  on  and  off  as  desired, 
and  they  were  at  an  average  distance  from  the  transformer  of 
not  more  than  five  feet 

(^\  G^,  o',  G*,  represent,  in  figure  2,  the  various  terminals  con- 
veniently arranged  on  a  switch-board  for  ready  adjustment  for 
any  desired  set  of  connections.  The  adjustable  resistance  at  i, 
consisted  of  a  plug  resistance  box,  enabling  one  to  get  any  num- 
ber of  ohms  in  circuit  from  100,000  down.  It  was  very  con- 
veniently arranged ;  but  a  suitable  slide  rheostat  and  a  dampened 
magnet  on  the  electrometer  needle  would  have  greatly  facilitated 
the  rapidity  with  whieh  observations  could  be  taken.  The 
mode  of  procedure  was  to  set  the  brush  at  some  suitable  point 
of  starting  out,  then  corresponding  to  this  point  readings  of  the 
instantaneous  values  of  primary  e.  m.  f.  were  made.  When 
lamps  were  turned  on  in  the  secondary,  the  ammeter,  in  that  cir- 
cuit  was  also  read.  The  brush  was  then  moved  forward  to  a 
new  position  and  the  above  readings  repeated.  This  was  con- 
tinued until  we  had  gone  over  a  complete  period  of  two  alterna- 
tions, then  the  i^mean'  readings  of  the  primary  and  secondary 
E.  M.  F.'s  and  primary  current  were  made  To  do  this  required 
a  period  of  time  covering  usually  not  more  than  two  and  one-half 
hours.  Careful  observations  were  made  which  showed  that  the 
insertion  of  one,  two,  or  three  lamps  in  the  primary  cii*cuit  did 
not  perceptibly  change  the  rdation  of  the  primary  e.  m.  f.  and 
current  and  secondary  e.  m.  f.  The  indications  of  the  ammeter 
gave  data  for  correcting  for  variations  of  the  speed  of  the 
dynamo,  that  throughout  was  not  great. 

The  following  data  should  be  given  with  regard  to  the  trans- 
former that  was  used  by  us  : — 
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Number  of  turns  in  the  primary  coil 675 

"         ••  **       secondary  coil 85. 

Resistance  of  the  primary 21.8  ohms. 

Resistance  of  the  secondary .04    ** 

Fig.  4  is  furnished  with  a  scale  to  which  it  was.  drawn,  so 
that  from  it  any  details  as  to  dimensions  of  the  transformer  can 
be  obtained. 

The  iron  discs  of  the  magnetic  circuit  of  the  transformer  were 
made  one-half  millimeter  in  thickness,  their  surfaces  merely 
oxidized,  so  that  no  special  insulating  material  was  provided  be- 
tween the  laminations.  The  total  volume  of  laminated  iron 
used  in  the  transformer  was  2,050  cubic  cms. 

The  mean  cross-section  of  the  magnetic  circuit  was  63.3  square 
cms.,  and  the  mean  length  of  the  magnetic  circuit  30.8  cms. 

The  following  obseryations  with  the  secondary  on  open  circuit 
and  working  on  one  lamp,  five  lamps,  and  10  lamps  were  made 
and  have  been  plotted  in  Figs.  5,  6,  7  and  8.  The  correspond- 
ing curves  located  by  them,  drawn  in  by  the  scales  designated. 

Secondary  on  open  circuit, 
(See  Fig.  5.) 

Brush  reading.  P^^^^'  Current.     ^Tf7^ 

*  E    M.  F.  B.  M.  F. 

21  119  .20  6.5 

20  855  .06  62.7 

19  1250  .07    '  63.4 

18  1420  .n  70.7 

17  1330  .14  66.8 

16  900  .19  46.0 

15  46  .21  00.0 

14  751  .04  37.8 

13  1210  .08  62.0 

13  1390  .12  72.0 

II  1410  .15  72.5 

10  1100  .18  57.8 

9  355  .21  14.5 

8  645  .08  32.3 

7                      1130  .04  57.8 

01)8erved   4  mean*      1025  .14  54.5 

Calculated  ^^.j      ^^^^  ^^7  53  5 
from  curves 
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Secondary  < 

dosed  through 

one 

lamp. 

Secondary  on  Open  Circuit. 

(See  Fig.  6.) 

Brash  reading. 

Primary. 

E.  M.  F. 

Current.        ' 

Seoondar 

B.  U.  F. 

28 

605 

.225 

31.4 

27 

330 

.125 

15.3 

26 

917 

.048 

45.2 

25 

1300 

.179 

67.6 

24 

1403 

.215 

71.7 

28 

1800 

.285 

67.1 

22 

820 

.289 

48.8 

21 

132 

.185 

4.7 

20 

835 

.000 

8.9 

19 

1238 

.151 

61.5 

18 

1420 

.215 

717 

17 

1863 

.238 

68.4 

16 

1026 

.246 

52.7 

15 

. 

170 

.215 

9.7 

14 

served 

793 
^      1053 

.048. 
.196 

85.6 

Ob 

I^mean^ 

52.3 

Calcnlated 

from 

curves 

l^mean' 

^      1021 

.190 

51.4 

Mean  of  ammeter  readinm . 

... 

....1.26 

Secondary  closed  through  fine  lamps. 
(See  Fig.  7.) 


reading. 

B.M.  F. 

Current. 

oeuuuua 
B.  M.  F. 

29 

956 

.449 

40.3 

28 

41 

.250 

1('.4 

27 

723 

.000 

28.9 

26 

1194 

.356 

54.8 

25 

1447 

.495 

69.1 

24 

1350 

.483 

67.2 

28 

1108 

.458 

57.6 

22 

293 

.804 

21.5 

21 

560 

.000 

19.8 

20 

1110 

.318 

48.8 

19 

1388 

.464 

66.7 

18 

1429 

.511 

70.0 

17 

1228 

.500 

60.3 

16 

567 

.374 

24.0 

14.7 

585 
1050 

0.080 
.890 

28.4 

Observed  i^mean* 

51.0 

CrAlfMlllltpH 

1086 

.883 

from  curves  Vmean^ 

50.6 

Mean  ammeter 

reading. . . 

5.83 
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Secondary  dosed  through 

Un  Mmps. 

(S 

ee  Fig.  8.) 

Brash  reading. 

Primary 

E.  H.  F. 

Current. 

Seconda 

E.  M.F 

21 

138       . 

.242 

5.2 

20 

826 

.276 

29.7 

19 

1237 

.642 

53.5 

18 

1378 

.795 

64.0 

17 

1300 

.821 

64.3 

16 

924 

.700 

61.1 

15 

63 

.340 

16.0 

14 

698 

.188 

23.7 

13 

1138 

.587 

49.0 

12 

1370 

.810 

63.7 

11 

1343 

.844 

66.0 

10 

1073 

.771 

26.5 

9 

323 

.479 

26.5 

8 

590 

.(►00 

17.0 

7 

1117 

.538 

42.8 

Observed 

♦^mean' 

1040 

.631 

49.3 

Calculated 
from  curves 

i'mean* 

1020 

.634 

49.3 

Mean  ammeter  reading 10.65 
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In  Fig.  9  are  plotted  curves  deduced  from  the  foregoing  ob- 
servations, that  show  clearly  the  rate  at  which  energy  is  given  to 
the  transformer,  or  that  the  transformer  restores  to  the  circuit  at 
all  points  of  a  complete  alternation  for  the  several  conditions 
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FIG.  8. 
under  which  the  traueforiner  was  operated.  The  curves  them- 
selves show  so  clearly  this  particular  part  of  the  performance  of 
the  transformer  that  nothing  more  need  be  said  about  them,  ex- 
cept to  give  the  percentages  of  the  work  given  to  the  trans- 
former that  is  restored  to  the  circuit  by  it  under  the  several  fore- 
going conditions : — 

Open  circuit 6.8% 

One  lamp 8.9^ 

Five  lamps 96^ 

Ten  lamps ^ 

The  above  observations  and  data  are  ample  wherewith  to  com- 
pute the  various  losses  of  energy  that  take  place  in  the  trans- 
former under  the  several  loads  and  under  no  load,  and  the  deduc- 
tion of  the  corresponding  efficiencies.  These  values  have  been 
computed  and  are  given  in  the  following  table. 

Proper  corrections  have  been  applied  for  the  two  lamps  in 
series  with  the  primary  of  the  transformer. 

Heating  loss. 

Pri-    Secon- 

Secondary  E.  M.  F.* 

Primary 10.20 

Secondary,  open  52.8 

One  lamp 52.8 

Five  lamps 50.1 

Ten  lamps 47.5 


Pri- 
mary 
watts. 

96.1 
159.1 
888.6 
607.9 


Secon- 
dary 
watu. 

0.0 

64.8 
300.9 
525.0 


Effi- 
ciency. 

0.0 
41.1jf 
77.6jr 
86.6jr 


Total 
lots  in 
watts. 

96.1 
94.8 
87.7 
82.9 


Hyster. 
loss  in 
watts. 

95.7 
98.9 
88.1 
69.7 


mary 
watu. 

04 
0.9 
8.8 

8.7 


dary 
watu. 

0.0 
0.0 
1.3 
4.5 


*  The  values  given  in  this  column  have  not  been  corrected  for  the  two  lamps 
in  series  with  the  primary  for  the  first  three  conditions  and  the  one  lamp  that 
was  used  for  the  last.  With  10  lamps,  where  one  lamp  was  used  in  the  pitmary 
this  correction  amounts  to  an  increase  of  the  secondary  b.  m  f.  of  three  per  cent. 
On  open  circuit  and  one  lamp  it  is  negligible  and  three  per  cent,  increase  for  five 
lamps.  When  this  correction  is  applied  the  drop  of  3.5  volts  obtained  is  what 
was  observed  by  direct  measurement,  on  the  secondary. 
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In  Fig.  10  these  values  have  been  plotted  to  scales  there  in- 
dicated, and  the  respective  curves  that  they  determine  have  been 
drawn  so  that  one  can  plainly  see  the  exact  performance  of  the 
transformer  under  all  loads. 

It  is  interesting  to  note  that  this  transformer  might  be  loaded 
to  twice  its  rated  capacity  and  the  heating  of  the  coils  would  still 
be  less  than  that  of  the  iron,  although  the  heat  produced  by  the 
iron  grows  less  as  the  load  comes  on.  Likewise,  that  its  efficiency 
would  not  yet  have  reached  its  maximum  and  that  it  would  have 
a  value  of  92  per  cent.  In  Fig.  11  the  outer  curve  represents 
the  relation  between  the  magnetizing  current  in  the  primary  and 
the  degree  of  magnetization  for  all  points  of  a  complete  cycle. 
The  values  locating  the  curve  expressing  this  relation  were  read- 
ily deduced  from  the  observations  made  when  the  transformer 
was  working  on  open  circuit.  In  Fig.  5  the  dotted  curve  represents 
the  curve  of  primary  current  that  would  be  found,  should  Foucault 
currents  be  known  to  be  absent,  and  the  relation  of  ampere  turns 
and  magnetization  be  the  same  going  up  as  coming  down.  Then 
if  Foucault  currents  were  present  the  dotted  curve  would  have  a 
component  at  a  quarter  of  a  period  in  advance.  This  would  pro- 
duce a  negative  lag  in  the  dotted  curve.  From  the  position  of 
the  actual  primary  current,  it  is  plainly  seen  that  but  a  very  small 
component  of  the  above  nature  is  possible,  and  that  the  energy 
that  is  wasted  by  eddy  currents  must  therefore  be  small.  The 
radical  departure  of  the  primary  exciting  current  from  the  ap- 
proximate sinuous  variation  of  the  primary  impressed  e.  m.  f.  is  ' 
plainly  brought  out  to  be  due  to  hysteresis.  From  the  preceding 
consideration  it  is  also  evident  that  almost  the  entire  advance  of 
the  exciting  current  and,  therefore,  the  corresponding  dissipation 
of  energy,  is  due  to  the  same  cause. 

It  was  thought  of  much  interest  to  see  what  amount  of  hys- 
teresis should  be  indicated  by  carrying  the  transformer  slowly 
through  the  same  cycle  of  magnetization  that  it  went  at  the  rate 
of  138  cycles  per  second  when  at  work  on  the  circuit  with  its 
secondary  open.  Accordingly,  by  Ewing's  method  modified  for 
the  purpose  by  Dr.  Sumpner,  Mr.  Merritt  determined  the  inner 
curve  shown  in  Fig.  11.  We  regret  greatly  not  to  have  had 
time  for  a  careful  redetermination  of  this  inner  curve,  and  to 
carry  the  magnetization  to  the  same  maxima  that  was  done  in 
the  transformer  when  on  the  circuit.  The  agreement  between 
the  cards  would  have  been  more  marked  even  than  in  Fig.  11. 
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The  assumption  made  by  Mr.  Swinburne  in  his  remarkable 
and  valuable  paper  on  the  *'  Design  of  Transformers  "  (proceed- 
ings of  the  British  Association,  1889),  would  therefore,  be  fully 
substantiated.  Mr.  Mordey's  experiments,  in  which  hy^tef^ens 
and  FouccmU  current  losses  producing  a  common  loss  was  deter- 
mined, were  performed  by  cycles  of  magnetization  produced  by 
rotation  in  which  the  degree  of  magnetization  did  not  vary  in 
amount  but  direction,  and  cannot  be  said  to  throw  light  on  the 
correctness  of  Mr.  Swinburne's  assumption.  Some,  comment- 
ing on  this  paper,  have  used.  Mr.  Mordey's  results  as  evidence 
that  these  assumptions  are  wrong. 


^~ 

i4fln 

^ 

^ 

i"1 

fl65t\ 

/ 

'' 

^ 

\ 

/ 

100  >. 

\ 

/ 

/ 

A 

Off)  S- 

n] 

A 

/ 

/ 

/ 

-ST 

/ 

/ 

aoa.s- 

V 

V 

— 

r   1 

.^1 

^ 

r 

^t 

wvv|£ 

N 

F 

V 

i 

/ 

9QQ 

y\ 

i 

1 

/ 

/ 

fiOO 

\ 

\^ 

ly 

k 

/ 

^ 

«. 

! 

1 

'f] 

5£ 

-^ 

'^ 

I 

/ 

m 

Si 

wm^ 

— ' 

^ 

—t 

1 

u 

W^ 

T 

„ 
_ 

s 

V' 

JFIG,9. 

By  a  knowledge  then  of  the  magnetic  properties  of  the  iron, 
with  which  a  given  transformer  is  to  be  built,  and  the  methods 
made  use  of  by  Mr.  Swinburne,  its  efficiency  is  something  that 
can  be  correctly  predetermined. 

The  importance  of  making  a  transformer  produce  the  same 
E.  M.  F.  at  the  terminals  of  the  secondary  under  all  loads,  asserts 
itself  when  it  is  used  for  incandescent  lighting.  In  the  trans- 
former, under  consideration  from  the  ratios  of  the  primary  and 
secondary  turns,  the  e.  m.  f.'s  that  they  produce,  and  the  varia< 
tions  of  magnetization  that  had  to  take  place  through  the 
primary,  in  order  that  the  same  should  produce  an  e.  m.  f.  equal 
and  opposite  to  that  of  the  primary  impressed'  e.  m.  f.,  the  mag- 
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netization  produced  through  the  secondary  and  the  magnetiza- 
tion set  up  about  the  primary  in  its  own  air  space  are  determined. 
In  the  present  transformer  this  "leakage"  of  magnetism 
amounted  to  about  1.2  per  cent.  Wlien  the  transformer  worka 
on  full  load,  4.5  times  as  much  current  passes  through  the  primary, 
and  the  "  leakage  "  of  the  primary  in  its  own  space  is  4.5  times 
as  much  as  on  open  circuit  and  becomes  5.4  per  cent.  This 
value,  together  with  the  small  drop  due  to  the  actual  resistances 
of  the  transformer  coils,  accounts  for  the  fall  of  3.5  volts  that 
was  observed  by  turning  on  all  of  tlie  ten  lamps. 


iflft.     m  ^HBo:    an:     m.    ooa 

Watts  in  Secondary 
FIG.  10. 

Attention  might  be  called  to  a  similar  "leakage  "  in  magnet- 
ism that  takes  place  in  the  secondary  circuit.  It  is  plainly 
brought  out  in  Fig.  8  by  the  lag  of  the  secondary  e.  m.  f.  This 
magnetic  "  leakage "  producing  a  self-induction  is  proportional 
to  the  secondary  current.  The  rate  of  change  of  this  quantity 
then  is  proportional  to  the  e.  m.  f.  that  it  produces.  This  e.  m.  f. 
is,  therefore,  a  quarter  of  a  period  behind  the  secondary  current, 
and  results  in  producing  a  small  lag  in  primary  and  secondary 
currents  and  secondary  b.  m.  f. 
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Finally,  there  is  a  curious  behavior  of  this  transformer  that 
remains  to  be  accounted  for.  This  is  the  considerable  decrease 
in  the  loss  of  hysteresis  as  the  transformer  is  loaded  down,  that 
is  not  to  be  accounted  for  by  rise  of  temperature  or  the  falling 
off  of  the  magnetization  due  to  the  increased  ^'  leakage "  about 
the  primary  in  its  own  air  space. 

The  following  reason  suggested  itself  to  the  writer,  why  this 
should  take  place : — 
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FIG.  11. 

Mechanical  shock  has  been  shown  to  greatly  reduce  loss  by 
hysteresis  when  iron  is  passed  through  cycles  of  magnetization. 
Since  the  currents  are  at  all  times  opposite  each  other  in  the  two 
coils  of  a  transformer,  strong  repulsion  occurs  when  these  currents 
are  at  a  maximum  and  no  force  is  exerted  when  they  pass  through 
zero.  So  it  follows  that  they  continually  keep  thrusting  each 
other  apart  when  at  work  and  add  to  the  disturbance  of  the 
laminated  iron  that  already  exists  on  account  of  its  changing 
magnetization.    This  increasing  of  the  mechanical  vibration  of 
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the  iron,  may  therefore  account  for  the  above-mentioned  phenom- 
enon. 

On  open  circuit  the  maximum  magnetization  of  the  iron  per 
square  cm.  was  3,850  c.  o.  s. 

Loss  by  hysteresis  per  cycle  per  cubic  cm.,  neglecting  Foncault 
currents,  .046  watts  at  138  ^  per  second. 

Coercive  force  per  centimetre  of  the  iron,  2.Y6  o.  g.  s. 

In  conclusion,  the  writer  would  say  that  the  data  here  given 
show  for  themselves  so  clearly  the  advisability  of  providing  some 
practical  means  for  breaking  the  primary  circuit  of  the  transformer 
when  not  in  use,  that  the  strong  advice  of  Mr.  Swinburne  in  con- 
cluding his  paper  need  not  be  repeated. 


DISCUSSION. 

Mb.  Townsknd  Woixxyrr : — Did  I  understand  Professor  Ryan 
to  say  that  the  loss  of  energy  is  necessarily  less  where  there  is 
mechanical  vibration  ? 

Professob  Ryan  : — It  seemed  to  us  to  have  been  so  in  this 
transformer;  bat  we  are  not  sure  of  it. 

Mb.  Woloott: — On  the  supposition  that  it  is  so,  where  does 
the  energy  come  from  ?  The  idea  is  that  the  reversal  of  polarity 
of  the  iron  absorbs  a  certain  amount  of  energy  in  any  case ;  is  it 
not? 

Pbofessob  Ryan  : — The  idea,  I  sug^st,  amounts  to  this :  that 
the  energy  that  was  taken  up  in  shocking  that  iron  was  less  than 
what  was  saved  in  the  hysteresis.  That  is,  the  hysteresis  was 
made  less  by  a  greater  amount  than  the  energy  that  was  spent  in 
shocking  the  iron. 

Mb.  Wolcott: — That  is  the  way  I  understood  it;  but  is  there 
any  explanation  why  that  should  be  so? 

rBOFESsoB  Ryan  : — Not  that  I  know  of.  I  have  not  thought 
of  the  matter  to  any  great  extent,  or  further  than  I  have  in- 
dicated. 

Mr.  Nikola  Tesla  : — Professor  Ryan  has  said  that  the  form 
of  the  primary  current  wave  departed  considerably  in  certain 
conditions,  from  that  of  the  primary  electromotive  force ;  and  he 
also  stated  to  what  he  thought  this  departure  due.  I  think  that  this 
departure  of  the  primarv  current  wave  from  that  of  the  impressed 
electromotive  force  is  one,  to  a  considerable  extent,  to  the  condi- 
tions of  the  secondary  circuit  of  the  transformer,  and  I  regret 
that  Professor  Rvan  has  not  shown  in  the  secondary  an  inductive 
resistance  instead  of  the  lamps.  I  think  that  then  there  would 
have  been  foimd  a  still  greater  departure  of  the  primary  current 
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from  the  primary  electromotive  force.  If  we  close  the  secondary 
circuit  through  a  non-inductive  resistance,  such  as  lamps,  it  di- 
minishes the  lag  of  the  primary.  If  we  close  it  through  an  in- 
ductive resistance  it  increases  the  lag  of  the  primary  In  this 
way  two  effects  may  be  produced;  first,  the  primary  current 
wave  will  depart  more  or  less  from  that  of  tlie  electromotive 
force ;  second,  the  secondary  electromotive  force  will  lag  behind 
the  primary  electromotive  lorce,  as  Professor  Ryan  has  found. 

Professor  Kyan  : — I  would  like  to  ask  Mr.  Teela  how  he 
would  produce  that  inductive  resistance  in  the  secondary  circuit  i 

Mr.  Tesla  :  —When  you  close  the  secondary  circuit  through 
the  resistance  suppose  that  you  put  a  coil  of  wire  in  the  circuit 
instead  of  the  incandescent  lamp. 

Professor  Ryan  : — Would  you  not  be  increasing  the  hysteresis 
effect  in  that  way  ?  It  seems  to  me  tliat  then  just  what  you  say 
ought  to  follow.  Of  course  it  should  be  understood  that  stress 
is  laid  merely  on  the  fact  that  there  is  a  certain  component  at  all 
times  flowing  to  keep  up  the  magnetism ;  but,  aside  from  that, 
whatever  currjent  passes  is  merely  the  opposite  of  that  which 
passes  the  secondary  circuit  ? 

Mr.  Tesla  : — You  sttud  that  this  departure  was  due  only  to 
the  hysteresis. 

Professor  Ryan: — Suppose  that  you  use  hysteresis  in  the 
secondary  circuit,  and  thereby  augment  the  irregularities  of  the 
primary  circuit ;  is  it  not,  after  all,  ultimately  due  to  the  hys- 
teresis » 

Mr.  Tbsla  : — But  suppose  instead  of  the  incandescent  lamp 
you  use  a  coil  of  inductive  resistance,  which  would  take  the  same 
current  as  the  lamp  ? 

Professor  Ryan  : — ^When  you  use  any  device  by  means  of 
which  you  introduce  hysteresis  in  a  seconoary  circuit,  do  you  not 
greatly  augment  the  displacement  of  the  primary  current  ? 

Mr.  Tesla  : — Of  course,  as  we  load  the  secondary  with  lamps 
the  primary  comes  closer  and  closer  to  where  it  ought  to  be ;  and 
1  think  if  you  had  made  a  trial  with  an  inductive  coil  in  the  sec- 
ondary circuit  instead  of  the  lamps  it  would  have  shown  some 
interesting  conditions.  I  believe  Professor  Ryan  stated  that  the 
secondary  electromotive  force  commenced  at  a  given  point  to  lag 
behind  the  primary  electromotive  force  ? 

Professor  Ryan  : — Of  course  it  is  gradual. 

Mr  Tesla  : — Have  you  not  noticed,  for  instance,  when  this 
takes  place,  that  it  began  suddenly  ? 

Professor  Ryan  : — No ;  I  have  not  noticed  that  it  began  sud- 
denly. 

Mr.  Tesla  : — I  should  say  that  when  the  secondary  circuit  has 
a  different  retardation  from  that  of  the  primary  circuit,  then  this 
condition  begins.  That  is  to  say,  if  you  have  a  primary  eoil,  and 
you  pass  the  current  through  that  coil,  and  you  have  the  second- 
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arv  circuit  closed,  you  then  observe  a  certain  lag  of  primary  cur- 
rent. Now,  if  you  add  in  the  secondary  circuit  an  inductive 
resistance,  you  can  cause  a  still  greater  retardation  in  the  pri- 
mary. And  if  you  diminish  the  retardation  of  the  secondary,  by 
inserting  lamps,  you  diminish  the  retardation  of  the  primary  cir- 
cuit to  a  greater  extent  than  that  of  the  secondary ;  tnus  in  both 
cases  causing  the  secondary  electromotive  force  to  lag  behind  the 
primary. 

Professor  Ryan  : — I  would  like  to  say  that  Mr.  Merritt  and  I 
intend  to  continue  our  work  in  this  line,  but,  of  course,  we  wish 
to  varv  the  circuits  upon  which  we  experiment.  As  soon  as  we 
have  done  this  work  on  the  transformers  we  expect  to  take  up 
the  action  of  the  condenser  in  all  its  relations  to  circuits  possess- 
ine^  inductance,  and  to  circuits  not  possessing  inductance;  and 
wfll  test  this  matter  which  Mr.  Tesla  nas  just  spoken  of  by  work- 
ing a  coil  in  the  secondary  circuit,  instead  of  a  lamp.  I  think 
that  a  great  deal  is  to  be  brought  out  in  this  way ;  and  that  one 
would  oe  able,  by  careful  study,  to  predict  fairly  well  what  would 
take  place  by  varying  the  conditions, 

Mr.  a.  E.  Kennelly  : — The  question  of  hysteresis  is  of  very 
great  importance  from  every  pomt  of  view.  We  know  that  we 
can  measure  the  amount  of  energy  which  a  converter  absorbs  in 
a  given  time ;  and  we  can  measure  also  the  amount  of  energy 
that  it  delivers  during  the  same  interval.  We  have  then  to  deal 
with  the  remainder  of  energy  absorbed  by  the  converter  use- 
lessly ;  and  this  is  to  be  found,  first,  in  a  purely  frictional  resist- 
ance to  the  current,  whereby  the  energy  is  transformed  into  heat; 
and  second,  in  the  eflfect  of  the  magnetism  there  is  in  the  current 
producing  the  magnetic  lag  and  eddy  currents.  It  is  of  the  very 
highest  importance  that  we  should  be  able  to  separate  those  two 
forces;  ana  the  paper  before  us  gives  very  important  suggestions 
by  means  of  which  we  can  carry  that  differentiation  into  effect. 
The  Foucault  currents  can  be  reduced  sufficiently  by  diminishing 
the  cross-section  of  metal  at  every  point;  and  we  know  that  in 
good  transformers  such  currents  can  be  reduced  to  a  minimum  ; 
Wt  what  we  do  not  know  is  the  quantity  of  energy  which  is  be- 
ing absorbed  in  the  hysteresis  under  the  conflicting  conditions 
which  are  perpetually  occurring. 

In  mechanical  engineering  we  are  brought  face  to  face  with 
the  wonderful  fact  that  a  very  large  portion  of  its  application  and 
design  lies  in  the  general  knowledge  of  the  properties  of  the  mole- 
<5ules  of  iron  in  the  different  conditions  wnere  iron  is  used ;  and 
the  mystery  grows  when  we  remember  that  in  electrical  engi- 
neering it  is  not  80  much  the  molecular  properties  of  iron,  in  the 
mechanical  as  in  the  electrical  sense,  which  concerns  us,  and 
which  varj'  perpetually  in  every  design  for  apparatus ;  because, 
after  a  piece  of  apparatus  has  passed  from  the  stage  where  the 
wonder  i^  no  longer  new,  then  the  question  comes :  II ow  much 
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can  we  economize  and  save  out  of  a  given  mase  of  iron  and  copper  I 
And  the  question,  which  is  coincident  with  that,  of  how  much 
we  can  save  of  hysteresis  in  iron  becomes  of  greater  and  greater 
importance. 

In  hysteresis  we  have  two  distinct  things  to  deal  with ;  first, 
we  have  the  fact  that  the  iron  will  not  return  immediately  to  its* 
previous  condition  after  some  magnetic  effect  has  been  impressed 
upon  it ;  and,  secondly,  that  it  lias  a  frictional  resistance,  and 
cannot  instantly  obey  the  reversed  force.  In  all  slow  working 
transformers,  in  all  pieces  of  apparatus  where  the  changes  are 
slow  and  steady,  we  can  generally  neglect  what  is  called  the  fric- 
tional hysteresis  due  to  speed,  and  simply  deal  with  the  static 
hysteresis ;  but  it  becomes  of  the  very  greatest  importance  that 
we  should  be  able  to  distinguish  more  clearly  the  statical  hys- 
teresis from  the  frictional  hysteresis.  With  regard  to  the  ques- 
tion asked  as  to  the  effect  of  mechanical  shocks  on  hysteresis,  I 
think  I  mav  suggest  a  possibility,  namely,  that  it  is  simply  a 
question  of  how  the  magnetism  which  has  been  left  after  a  given 
impulse  can  be  shaken  out ;  and  if  vou  can  shake  that  residual 
magnetism  out  by  any  means  you  will  have  that  loss  by  hysteresis 
destroyed.  If  you  will  study  the  hysterei^is  chart  before  us  you 
will  see  that  the  area  of  the  curve  represents  actually  the  amount 
of  energy  which  is  being  consumed  or  delivered  per  cycle  in  the 
iron  througli  its  residual  magnetic  effect;  and  if  you  can  prevent 
that  taking  place  the  lag  would  disappear. 

I  think  the  question  of  the  differentiation  of  the  frictional  hys- 
teresis from  the  static  hysteresis  is  one  which  is  well  within  the 
reach  of  experimental  methods,  and  has  become  one  of  very  great 
importance ;  and  if  words  were  necessary  to  recommend  its  im- 
portance still  further,  is  it  not  enough  to  consider  that  apart  from 
practical  considerations,  it  lias  also  a  very  important  scientific 
bearing;  because,  by  the  way  in  which  magnetism  acts  upon  iron 
(the  most  completely  magnetic  substance  we  find  in  nature)  the 
more  readily  can  we  guess  at  the  principles  which  underly  the 
whole  phenomenon  of  magnetism ;  and  the  more  completely  can 
we  discriminate  the  different  conditions  under  which  that  iron 
acts,  the  more  truthfully  shall  we  be  able  to  guess  at  the  condi- 
tions which  nature  imposes  upon  that  iron. 

Dr.  Wm.  E.  Gkyer  : — I  would  like  to  ask  Professor  Ryan  (if 
he  will  be  kind  enough  to  turn  to  the  chart  showing  the  ])rimary 
electromotive  force)  if  any  peculiarity  was  ever  noticed  about 
half  way  up  in  the  curve  of  the  primary  electromotive  force;  a 
sudden  departure  from  the  smootli  curve. 

Professor  Ryan  : — Yes ;  as  I  think  of  it  now. 

Dr.  Geykr  : — Last  May  and  June  there  was  made,  under  my 
general  supervision,  a  very  similar  experiment,  where,  however, 
we  used  a  condenser,  and  discharged  the  condenser  through  a 
galvanometer,  and  in  that  way  measured  the  relative  dimensions 
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of  the  electromotive  force.  We  also  got  curves  which  were  very 
smooth  indeed  (we  took  points  more  numerous  than  those  that 
are  drawn  on  the  chart  before  us),  until  we  got  to  a  point  about 
half  way  up,  where  we  obtained  results  which  at  first  were  thought 
irregular  and  accidental.  We  skipped  that  part  of  the  curve  and 
went  further  up,  when  again  it  was  extremely  regular,  until  we 
ffot  down  on  the  other  side  to  about  the  same  height,  where  again 
tne  irregularity  began.  The  irregularity  was  so  persistent  that 
it  meant  to  my  mind  that  it  was  not  a  simple  accident  of  the  ex- 
periment. We  then  took  especial  pains  to  determine  points  ex- 
tremely near  together  just  m  that  region,  and  persistently  ob- 
tained a  very  decided  jog  in  the  curve ;  that  is,  a  sudden  upward 
motion,  and  a  sudden  downw^ard  motion,  at  the  end  of  which  the 
perfect  regularity  of  the  curve  was  resumed ;  and  on  the  other 
side  again  there  was  the  same  irregularity,  and  the  same  jog  on 
the  descending  curve.  I  have  not  found  any  satisfactory  expla- 
nation as  to  the  cause  of  it.  If  any  could  be  offered  by  any  one 
present  it  would  be  very  interesting.  I  might  mention  in  addi- 
tion that  when  these  same  curves  were  determined  on  an  open 
circuit,  or  on  a  non-inductive  resistance,  the  irregularities  were 
not  noticed.  They  were  only  noticed  when  the  transformer  was 
a  part  of  the  main  circuit. 

Mr.  Tesla  : — May  I  ask  whether  the  machine  was  run  at  a 
constant  number  of  al^niations  all  the  time  i 

Dr.  Geyer: — The  machine  was  run  at  constant  alternations — 
the  regular  commercial  speed. 

Mb.  Tesla: — I  think  if  the  number  of  alternations  had  been 
varied,  greater  irregularities  would  have  been  observed.  1  think 
it  will  iS  found  that  if  a  higher  number  of  alternations  had  been 
chosen,  the  irregularity  would  have  been  more  pronounced,  until 
a  certain  limit  was  reached.  I  have  run  them  as  high  as  15,UU0 
alternations  per  minute.  Where  the  alternations  were  very  low 
the  irre^iularities  disappeared;  but  when  the  same  number  of 
alternations,  with  a  longer  magnetic  circuit  in  the  transformer 
was  employed,  they  would  again  appear.  So  that,  as  I  know  that 
the  magnetic  lag  was  varied  by  the  length  of  the  magnetic  cir- 
cuit, I  assume  tnat  this  was  the  cause  of  the  irregularity.  Mr. 
Kennelly  has  very  ably,  and  rightly,  brought  up  the  importance 
of  the  study  of  fiysteresis.  I  think  this  is  a  field  in  which  we 
should  all  work  and  achieve  considerable  improvement;  ^o  much 
so  that  certain  of  my  experiments  have  been  rather  surprising; 
and  in  investigating  the  cause  of  the  lag  of  the  iron  we  will  find 
the  experiments  not  only  of  value  to  investigators  but  of  real 
value  to  us  practicaUy. 

Mb.  Jobbph  Wetzleb: — In  reference  to  the  remarks  made  by 
Dr.  Geyer  as  to  the  cause  of  the  notch  in  the  curve,  it  seems  to 
me  that  it  might  principally  be  due  to  irregularities  in  the  nature 
of  the  field.     The  field  poles  may  have  dinerent  intensities  over 
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different  parts  of  the  surface,  so  that  if  more  stronriy  magnetic 
all  around  the  edge  than  at  the  centre  they  would  produce  an 
irregular  field,  which  would  cause  a  corresponding  enect  in  the 
current  produced ;  so  that  all  of  the  curve  would  not  be  reeular. 
Mr.  C.  O.  Mailloux  : — I  am  inclined  to  believe  that  the  tneory 
advanced  by  Mr.  Wetzler  is  the  correct  one ;  and  I  think  that 
the  notch  in  the  curve  is  accounted  for  by  the  dynamo,  rather 
than  by  the  reaction  of  the  converter  upon  the  impulse.  The 
fact  is,  that  in  a  dynamo  we  never  have  a  uniform  distribution  of 
the  lines  of  force/from  the  very  fact  that  towards  the  centre,  the 
lines  of  force  are  more  dense  than  in  the  area  which  is  contiguous 
to  the  edges.  The  consequence  is  that  when  a  coil  is  approach- 
ing the  edge  of  the  pole  it  is  approaching  a  spot  where  the  lines 
of  force  are  more  dense ;  and  after  it  has  passed  that  spot  it  finds 
itself  in  place  where  the  lines  of  force  are  not  so  dense.  It  i^ain 
meets  towards  the  middle  of  the  pole,  a  place  or  period  where 
the  lines  are  denser ;  and  again  as  it  comes  to  the  outer  edge,  a 
place  where  the  lines  of  force  are  not  so  dense.  Now,  if  you 
bear  in  mind  the  fact  that  the  lines  of  force  are  merely  the  ex- 
ponents or  indicators  of  the  condition  of  the  magnetic  medium, 
showing  that  there  is  a  highly  elastic  substance  under  great  stress 
or  tension  there,  then  we  mav  replace  those  lines  of  force  by  elas- 
tic substances ;  and  you  will  find  on  theoretical  reasoning  that 
you  would  naturally  expect  that  the  action  of  the  wire,  the  mo- 
ment that  it  begins  to  have  the  current  iif  it,  would  be  to  react 
upon  the  lines  of  force  and  displace  them  at  that  point.  We 
know  that  such  is  the  case  in  continuous  current  dynamos,  but 
not  with  alternating  currents.  We  know  that  the  lines  of  force 
are  distorted  and  thrown  out  of  their  course  by  the  action  of  the 
current  in  the  armature  itself.  Professor  £lihu  Thomson  has 
shown  by  experiment  that  there  is  such  a  crowding  effect  on  the 
lines  of  force  that,  as  a  matter  of  fact,  the  area  of  the  coil,  or  the 
contour  of  the  coil,  should  inclose  a  smaller  area  than  the  area. 
of  the  pole  possesses.  1  should  imagine  that  the  notch  in  the 
wave  of  the  impressed  electromotive  force  would  be  due  to  the 
fact  that,  as  the  current  approaches,  it  first  meets  with  an  ob- 
struction which  is  too  stiff  for  it  to  bound  over,  and  therefore  im- 
mediately cuts  the  lines  of  force,  creating  a  high  tension,  which 
produces  a  higher  electromotive  force.  Then  we  come  to  a  place 
where  the  field  is  more  uniform,  and  consequently  we  get  the 
action  which  we  would  naturally  expect — a  current  more  nearly 
uniform,  and  at  a  rate  more  in  accordance  with  some  fixed  law. 
Then  as  we  come  to  the  outer  edge  we  must  pass  through  an- 
other crust  of  the  lines  of  force,  and  we  would  naturally  expect 
to  find  another  big  break  and  a  slieht  up-wave.  Pursuing  the 
same  reasoning  you  will  find  that  this  would  take  place  just  ex- 
actly as  Dr.  Geyer  has  found  by  experiment ;  and  that  the  speed 
at  which  the  alternations  occur  have  a  great  deal  of  influence 


Digitized  by  VjOOQIC 


1889.]  DI80U88I0N,  25 

upon  that.  I  should  have  expected  that  the  lines  of  force,  being 
like  all  elastic  substances,  more  brittle  to  a  rapidly  acting  force, 
would  show  that  effect  more  perceptibly  at  higher  alternations 
than  at  lower  ones. 

Mr.  Tesla  : — Just  a  word  before  you  pass  to  another  subject. 
That  opposition  which  was  alluded  to  as  occasioned  by  the  dy- 
namo machine  might  not  have  its  cause  in  the  machine ;  but  that 
very  kind  of  opposition  may  exist  in  the  transformer  itself ;  and 
there  is  where  I  believe  it  does  exist.  I  was  sometime  ago 
engaged  in  some  work  in  getting  direct  currents  from  an  alter- 
nating current ;  and  I  found  that  1  was  able  to  produce  a  prepon- 
derance of  current  impulses  in  one  direction  over  those  of  an- 
other ;  and  then  I  found  that  under  certain  conditions  an  opposi- 
tion appeared,  exactly  as  was  stated  by  Mr.  Mailloux  in  regard 
to  the  dynamo  machine ;  and  that  such  conditions  can  be  brought 
about ;  and  that  they  depend  greatly  upon  the  iron,  on  the  num- 
ber of  alternations,  and  the  length  of  the  magnetic  circuit. 
Imagine,  for  instance,  that  you  have  in  the  magnetic  circuit  of 
the  transformer,  magnetism  in  one  direction  set  up ;  certainly  if 
such  magnetism  exist  it  will  oppose  the  passage  oi  a  current  of  a 
certain  oirection ;  and  in  this  way  a  certain  modification  of  the 
curve  would  be  brought  about. 

Mb.  Mailloux  : — 1  am  very  glad  that  Mr.  Tesla  spoke  of  that. 
I  might  have  gone  farther,  and  said  that  undoubtealv  the  same 
phenomenon  would  occur  in  the  transformer  core  itself,  and  that 
there  would  be  changes  of  magnetism  there  under  different  cir- 
cumstances ;  but  inasmuch  as  he  has  so  much  more  ably  explained 
it  than  I  could,  I  need  not  refer  to  it  a^in.  The  only  other  point 
I  wish  to  advert  to  is  in  connection  with  some  of  these  curves. 
I  would  like  to  ask  Professor  Ryan  whether  he  has  taken  the 
trouble  to  follow  the  concomitant  variations  of  the  values  of  the 
inductance ;  that  is  to  say,  the  instantaneous  values  that  we  are 
supposed  to  get  for  the  inductance  at  different  variations  of  the 
electromotive  force ;  so  that  we  might  be  able  to  get  a  means  of 
comparison  between  theory  and  practice.  As  we  all  know,  the 
theory  of  the  transformer  is  one  thing,  while  the  practice  is  an- 
other thing,  quite  remote  and  apart  from  it ;  so  much  so  that  the 
theory,  altliough  it  is  not  yet  complete,  is  already  behind  the 
times.  We  know  .also  that  that  innocent  looking  symbol  desig- 
nated by  L,  which  represents  the  inductance  in  a  transformer  cir- 
cuit, does  not  happen  to  do  so  in  the  transformers  which  we  use 
in  practice.  It  does  so  on  paper,  and  in  mathematical  equations, 
ana  also  in  transformers  w^hich  have  no  iron.  Now  it  would 
have  been  quite  interesting  if  Professor  Ryan  had  undertaken 
either  to  calculate  or  derive  the  value  given  for  the  inductance ; 
so  that  we  might  from  that  calculate  the  impedance  of  the  circuit; 
or,  in  other  words,  that  spurious  resistance  factor  by  which  we 
must  multiply  the  square  of  the  virtual  current  in  order  to  get 
the  energy  that  appears  in  the  circuit. 
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PROFESsofe  Ryan  : — If  I  liave  understood  Mr.  Mailloux's  ques- 
tion I  will  answer  it  in  this  way  :  That  if  you  take  what  is  the  ac- 
cepted theory  of  the  transformer  up  to  date,  and  which  assumes 
always.  I  believe,  that  the  relation  of  the  current  and  magnetism 
of  the  iron  is  the  same  in  an  up  curve,  as  it  is  going  down  ;  tak- 
ing that  theory  as  it  has  been  elaborated,  and  the  suggestion 
made  by  Lord  Rayleigh  about  a  year  aj^o,  that  is  to  say,  taking 
the  transformer  and  observing  the  relation  of  the  magnetism  of 
the  iron  corresponding  to  any  particular  number  of  ampere  turns 
going  up  and  coming  down,  to  modify  that  theory  (becanse  it  is 
not  always  the  same),  and  when  you  have  measured  the  diflfer- 
ence  that  exists  in  going  up  and  coming  down,  you  will  get  ex- 
actly the  state  of  affairs  that  is  here  found  actually  to  exist. 
The  suggestion  that  was  made  by  Dr.  John  Hopkinson  in  a  note 
published  in  the  Proceedings  of  the  Royal  Society  a  few  years 
ago,  made  a  faint  suggestion  that  if  you  assume  the  dotted  curve 
in  Fig.  5.  and  substitute  for  the  same  a  curve  as  modified  by  the 
values  which  you  obtain  through  hysteresis^  you  will  get  precisely 
this  state  of  aifairs  brought  out  in  Fig.  5  as  observed  for  the  pri- 
mary current.  One  thing  more  with  regard  to  the  method  by 
means  of  which  you  can  express  the  exact  shape  of  those  curves 
matliematically,  and  tlierefore  proceed  by  means  of  mathematical 
investigation,  and  by  means  of  the  impressed  electromotive  force 
that  we  have  here  given,  to  find  what  it  is,  and  what  should  follow. 
I  will  say  that  Mr.  Merritt  has  carefully  analyzed  the  properties 
of  those  curves,  and  has  shown  that  the  impressed  electromotive 
force  curve  is  made  up,  in  the  first  place  of  a  sine  curve  in  unison 
with  it,  and  another  curve  of  the  third  order  running  along  like 
this ;  (indicating)  of  which  the  equation  would  be: 

jE;=1,500  sin  6  -  42.  cos  6  +  100.  sin  3.6^  +  28.  cos  ^M ; 

and  finally  one  of  the  fifth  order ;  and  if  we  should  carry  it  one 
further  we  should  find  with  it  one  of  the  seventh  order — in  odd 
orders,  the  even  orders  having  disappeared,  or  else  the  magnet- 
ism would  be  heavier  on  one  side  than  on  the  other.  But  matters 
of  that  sort  are  very  technical ;  and  I  did  not  think  that  these 
curves,  representing  the  constituents  of  these  various  curves, 
would  be  of  much  interest,  or  I  should  have  brought  them  with  me. 

Mr.  E.  G.  Acheson:-^!  understood  Dr.  Geyer,  in  speaking  of 
the  notch  in  the  curve,  to  say  that  he  obtained  it  only  when  he 
had  the  transformer  in.  That  being  the  case  it  can  scarcely  he 
due  to  the  machine. 

Dr.  Geyer: — The  notches  were  not  obtained  when  the  dynamo 
was  run  on  an  open  circuit. 

Mr.  Kennelly: — In  that  case,  I  venture  to  say  that  it  must  he 
due  either  to  the  magnetic  lag  or  else  to  a  variation  in  the  self- 
induction.  If  the  processes  of  self-induction  were  variable  it 
might  be  expected.  With  such  variations  it  is  probable  that  such 
kinks  would  follow. 
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Db.  Geyeb: — Am  I  right  in  nnderBtanding  Profeeflor  Ryan  to 
say  that  the  efficiency  of  the  transformer  was  85  per  cent,  f 

Pbofbssob  Btan: — Eighty-six  and  six-tenths  per  cent,  when 
working  with  ten  lights  in  the  secondary. 

Db.  Ge^bb: — Was  that  efficiency  tested  also  in  some  other 
way? 

Fbofbssob  Ryan: — No;  it  merely  come  in  as  a  secondary 
matter. 

Mb.  Mailloux  : — It  strikes  me  that  Doctor  Geyer  knows  more 
than  he  wants  to  tell  ns  about  the  transformer  tests.  I  have 
been  told  that  some  extensive  work  has  been  going  on  at  Stevens 
Institute,  and  it  would  be  interesting  to  get  some  information 
about  it. 

Db.  Geyeb  : — What  I  could  say  about  it  has  already  been  pub- 
lished in  the  Journal  of  the  FramJclin  Institute.  It  would  have 
been  read  before  this  Institute,  except  that  it  came  late  last  year, 
in  June,  before  the  summer  vacation ;  and  there  were  so  many 
other  papers  that  it  was  crowded  out.  The  other  tests  we  made, 
are  very  much  like  those  of  Professor  Ryan,  except  that  we  used 
a  condenser  as  a  means  of  measuring  the  electromotive  force ;  and 
we  worked  a  20  light  transformer  instead  of  a  10-light ;  and  the 
mechanism  for  taking  oflf  the  instantaneous  electromotive  force 
was  slightly  different.  It  is  hardly  worth  while  to  go  through 
details,  as  a  larger  part  would  be  repetition.  I  have  not  seen 
anything  in  Professor  Ryan's  charts  tliat  differs  from  those  that 
we  obtained.  So  far  as  I  can  see,  the  results  are  essentially  of 
the  same  nature. 

The  Chaibman  (Vice-President  T.  C.  Martin) — I  understand 
that  Mr.  Stillwell,  who  is  Mr.  Shallenberger's  associate,  is  here, 
and  if  he  is  moved  to  speak  we  would  be  glad  to  hear  from  him 
before  the  meeting  is  closed. 

Mb.  L.  B.  Stillwell  : — The  work  that  Professor  Ryan  has  in- 
troduced to-night  is  in  the  general  line  that  we  have  been  working 
on  for  two  or  three  vears.  I  had  not  intended  to  add  anything  to 
the  discussion,  but  there  is  one  point  that  I  might  mention  which 
may  possibly  be  of  interest,  and  that  is,  that  we  have  noticed  the 
point  to  which  Professor  Ryan  referred  in  the  case  of  a  10-light 
transformer,  wherein  he  found  that  the  loss  due  to  the  iron  de- 
creased as  the  load  is  added  to  the  transformer.  We  have  observ- 
ed that  this  decrease  is  more  marked  in  the  case  of  a  small  one. 
In  a  40  light  transformer  the  iron  loss  is  more  nearly  a  constant ; 
and  it  seems  to  me  that  this  fact  is  in  the  line  of  the  explanation 
which  has  been  suggested,  as  to  the  shaking  out  of  the  magnetism, 
and  the  consequent  decrease  of  loss  in  iron  at  heavy  load  m  small- 
sized  transformers,  as  larger  ones  would  be  somewhat  less  liable 
to  mechanical  vibration 

If  I  have  understood  the  diagrams  correctly,  there  is  one  other 
point  which  differs  slightly  from  the  observations  I  have  made,  in 
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which  observations,  however,  I  used  tlie  divided  electrodynamo- 
meter  method  of  measuring  the  angle  of  lag.  Of  course,  that 
method  is  based  upon  the  assumption  that  these  are  sine  curves. 
Applving  that  method  we  have  found  that  the  lag  factor,  or  co- 
sine, IS  somewliere  in  the  neighborhood  of  70  degrees;  and  as  load 
is  added  to  the  secondary  the  factor  increases  more  rapidly,  than 
shown  by  the  curves  that  Professor  Ryan  has  drawn.  For  example, 
with  five  lights  on  the  secondary  I  have  found  that  the  primary 
and  secondary  currents  are  practically  180  degrees  apart,  the  co- 
sine of  the  angle  of  lag  being  about  98  degrees.  With  that 
explanation  the  discrepancy  may  possibly  be  due  to  the  irregularity 
of  the  primary  current,  as  the  diagram  by  Prof essor  Ryan  shows. 

I  will  say  that  we  have  also  quite  recently  adopted  a  method  of 
drawing  an  accurate  diagram  of  the  wave  b.  m.  f.  The  method 
is  due  to  Messrs.  Scott  and  Morris,  of  our  laboratory.  I  have  not 
applied  it  yet,  and  have  not  seen  it  applied  to  the  purpose  of 
noting  accurately  the  form  of  wave  derived  from  our  ordinary 
machines,  since  we  have  been  more  especially  engaged  on  new 
types  and  various  experimental  work.  The  metnod,  however, 
would  afford  a  very  ready  means  of  checking  up  this  observed 
kink  in  the  curve ;  and  I  shall  take  the  trouble  to  make  experi- 
ments as  soon  as  possible  to  throw  light  on  that  point.  The 
method  in  question  consists  simply  in  mounting  upon  the  arma- 
ture shaft  a  wooden  disc  with  a  metallic  contact  at  one  point  in 
the  periphery,  this  point  being  connected  with  one  terminal  of 
a  voltmeter,  while  tne  other  terminal  of  the  voltmeter  is  attached 
to  one  collector  of  the  dynamo.  A  brush  that  is  connected  with 
the  other  collector  touches  the  metallic  point  on  the  disc  once  in 
each  revolution.  By  altering  the  position  of  the  disc  we  can  get 
a  potential  reading  on  the  voltmeter  proportional  to  the  electro- 
motive force  developed  by  the  machine  at  any  given  position  of 
the  armature,  and  moving  it  gradually  through  1 80  degrees  we 
have  obtained  surprisingly  accurate  results — the  quantity  of 
current  through  the  voltmeter  being  large  and  the  time  being 
very  slow.  The  cards  I  have  seen  made  out  in  the  last  week  are 
very  accurate,  and  show  perhaps  40  points  on  a  phase  diagram. 
I  regret  that  I  have  none  of  the  cards  here,  as  they  might  be 
interesting  in  connection  with  the  points  brought  out. 

I  woula  like  to  add  one  observation,  and  it  is  with  regard  to 
the  observed  efficiency  of  the  transformers.  It  is,  of  course, 
understood  that  the  efficiency  of  a  small  transformer  is  necessarily 
much  less,  than  that  of  a  large  one.  The  conditions  heretofore 
have  been  such  as  to  compel  the  use  of  small  transformers,  but 
the  tendency  as  we  observe  it  is  very  generally  towards  the  use  of 
larger  ones.  This  tendency  will  do  away  in  a  great  measure  with 
the  implied  criticism  upon  the  efficiency  of  the  transformer 
system. 

Dr.  Geyer: — I  might  say  that  three  years  ago,  when  the  then 
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existing  methods  of  measuring  the  efficiency  of  such  apparatus 
were  very  uncertain,  we  resorted  to  some  heroic  treatment  of  it. 
We  stripped  the  transformer  of  its  outer  coil  (which  I  think  has 
not  much  to  do  with  its  efficiency)  and  the  whole  transformer 
was  immersed  in  kerosene  oil,  and  the  transformed  current  was 
also  used  up  in  a  calorimeter,  consisting  of  a  jar  of  kerosene ; 
and  then  we  found  that  as  the  load  was  increased  the  proportion 
of  heat  in  the  calorimeter  to  the  total  heat  produced,  was  less  and 
less  as  the  load  was  made  greater  and  ffreater. 

Mr.  Tesla  : — Mr.  Stillwell  has  alluae<l  to  a  method  of  tracing 
the  wave.  I  would  like  to  ask  the  members  if  any  of  them  have 
ever  made  an  attempt  to  find  out  whether  there  is  a  difference 
when  the  laminated  sheets  of  the  transformer  are  loose  or  tight, 
and  if  not  I  wish  some  one  in  his  idle  hours  would  investigate 
that ;  because  I  have  reason  to  believe  that  there  is  a  difference 
when  the  sheets  are  tight  and  when  they  are  loose.  Of  course, 
it  might  be  due  to  the  imperfect  contact  of  loose  sheets,  which 
would  tend  to  diminish  or  increase  the  circulation  of  Foucault 
currents. 

Adjourned. 
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A    REVIEW  OF  MODERN  ELECTRICAL  THEORIES. 


BY  PROFE880B  WM.  A.  ANTHONY. 


The  general  phenomena  of  electricity  are  familiar  to  ns  all. 
As  children  we  learned  of  attraction  and  repulsion  of  electrostatic 
charges,  of  condensers,  of  insulators  and  conductors,  of  electric 
currents  and  electro-magnets,  of  telegraphs,  and  electric  fire  alarms 
and  electric  bells,  of  the  heating  of  conductors,  and  even  electric 
lights.  We  have  long  been  familiar  with  the  effect  of  the  current 
on  a  magnetic  needle,  and  with  the  attraction  and  repulsion  of 
currents  for  each  other.  We  have  seen  that  these  effects  are 
manifested  at  a  distance  from  the  conductors  which  carry  the 
currents,  and  we  have  been  willing  to  believe  that  the  distances 
at  which  these  phenomena  could  be  recognized  were  limited  only 
by  the  want  of  sensitiveness  of  the  apparatus  through  which  the 
effects  were  manifested.  Probably  not  many  of  us  stop  to  think 
Juyvo  these  effects  were  brought  about.  We  were  content  with  a 
general  statement  of  the  relations  of  the  phenomena,  or,  at  least, 
with  the  determination  of  the  direction  and  intensity  of  the  forces 
due  to  a  given  conformation  of  current.  We  talked  of  the  attrac- 
tions and  repulsions  as  action  across  space,  and,  if  we  thought  of 
them  at  all  as  requiring  any  mechanism  through  which  to  act,  we 
still  felt  satisfied  when  we  had  discovered  and  formulated  the 
laws  that  govern  the  action  of  these  forces. 

It  did  not  matter  to  us  that  attraction  across  empty  space  was 
unthinkable ;  it  was  enough  that  action  took  place,  and  that  we 
could  measure  and,  to  a  certain  extent,  control  it.  We  construct- 
ed instruments  and  computed  forces  acting  under  certain  condi- 
tions ;  we  multiplied  experiments  and  thought  we  had  developed 
a  vast  science.  But  there  have  not  been  wanting,  even  among 
the  earlier  philosophers,  some  who  could  not  feel  satisfied  with 
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the  idea  of  action  at  a  distance.  Experience  gives  no  clue  to  any 
explanation  of  action  of  one  body  upon  another  at  a  distance,  ex- 
cept  through  some  intervening  mechanism,  and  if  we  find  cases 
where  such  intervening  mechanism  is  not  apparent,  to  say  that  in 
these  cases  action  at  a  distance  is  taking  place,  is  only  to  say  that 
the  action  is  unexplained. 

Gravity  acts  upon  the  distant  planets,  and,  we  believe,  upon 
the  most  distant  stars ;  but  it  is  not  enough  to  say  that  gravity 
acts,  that  it  decreases  as  the  square  of  the  distance  increases,  we 
want  to  know  how  it  acts.  By  what  means  or  through  what 
medium  does  our  earth  reach  out  to  the  distant  planets  and  affect 
their  movements  ?  These  are  the  questions  that  the  dissatisfied 
few  have  asked  in  the  past,  and  to-day  it  is  not  the  few  but  the 
many  who  would  be  glad  to  have  the  question  answered.  Fara- 
day early  taught  us  that  the  mere  statement  of  the  law  of  elec- 
trical attraction  or  repubion  was  no  explanation,  and  he  sought 
the  explanation  in  the  action  in  the  intervening  medium.  He 
demonstrated  by  experiments,  that  have  become  classic,  that  the 
effect  of  induction  depends  upon  the  nature  of  the  medium  inter- 
vening between  the  conductors;  a  demonstration  that  here,  at 
least,  the  intervening  medium  took  part  in  the  action  and  helped 
to  determine  the  result.  Magnetic  and  electro-magnetic  pheno- 
mena were  to  Faraday  also  effects  propagated  through  the  medium; 
and  Maxwell,  following  Faraday's  work,  subjected  the  whole 
matter  to  a  searching  mathematical  analysis.  It  was  necessary, 
in  order  to  complete  the  theory,  to  assume  the  existence  of  a 
medium  in  which  the  forces  were  exerted;  but,  as  a  medium  had 
already  been  assumed  to  account  for  the  phenomena  of  light,  it 
would  hardly  be  scientific  to  assume  another  to  account  for  elec- 
trical phenomena.  But  would  not  one  medium  suffice  for  elec- 
trical and  optical  phenomena  as  well  ?  Maxwell  showed  how  the 
question  of  the  identity  of  the  two  media  could  be  tested,  and  our 
modem  views  of  electricity  are  mainly  the  results  of  his  work. 
What  do  we  know  of  electrical  phenomena  ?  We  know  that  pieces 
of  glass  and  silk  rubbed  together  and  then  separated  attract  each 
other  ;  that  the  property  of  attraction  can  be  imparted  to  metals 
if  they  are  insulated ;  that  if  two  such  masses  of  metal  be  con- 
nected by  a  wiref^the  power  of  attracting  each  other  disappears, 
and  at  the  same  time,  the  wire  is  warmed  and  for  an  instant 
exerts  magnetic  forces  at  right  angles  with  the  wire.  Numerous 
other  facts  we  know,  but  these  will  suffice  as  illustrations  of  the 
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phenomena.  When  a  metal  condnctor  is  discharged  by  touching 
it  with  a  wire  we  say  the  wire  carries  a  current,  and  we  have  been 
accustomed  to  ascribe  the  heating  and  the  magnetic  effects  to  that 
current.  We  have  looked  upon  the  thing,  whatever  it  is,  that 
takes  place  in  the  wire  as  the  origin  of  all  that  takes  place  aronnd 
it.  The  current  warms  the  wire,  and  it  confers  upon  it  the  pro- 
perty of  acting  upon  magnetic  needles ;  but  how  does  it  act  ?  We 
cannot  conceive  of  the  action  of  that  wire  on  that  needle,  except 
through  something  extending  from  the  wire  to  the  needle  through 
which  the  wire  can  exert  a  push  or  pull.  All  around  tliat  wire 
the  needle  is  affected ;  at  considerable  distances  the  effect  can  be 
exhibited,  and  we  believe  it  is  only  want  of  delicacy  of  our 
apparatus  that  prevents  our  discovering  it  at  the  greatest  dis- 
tances.    If  the  wire  acts  it  acts  through  a  medium  in  which  it 
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Fig.  1. 
creates  a  disturbance,  and  the  disturbance  in  turn  acts  upon  the 
magnetic  needle.  But  are  we  sure  that  the  action  begins  with 
the  wire  ?  Is  it  not  possible  that  the  action  begins  in  the  medium, 
and  that  the  wire  merely  separates  portions  of  the  medium  and 
so  permits  action  that  would  not  otherwise  take  place  2  Maxwell 
has  proposed  a  mechanical  illustration  of  the  action  taking  place 
in  space  when  electrical  phenomena  occur,  and  Fleming  and 
Lodge  have  elaborated  it  and  brought  it  within  the  reach  of  non- 
mathematical  readers.  Let  us  suppose  all  space  to  be  filled  with 
wheels  connected  by  idle  wheels  in  such  a  way  that  when  one 
turns  all  must  turn  in  the  same  direction,  except  that  the  elas- 
ticity of  the  system  permits  a  small  movement  of  one  wheel 
before  the  others  in  the  vicinity  begin  to  move.  Electromotive 
force  is  then  something  that  tends  to  turn  the  wheels.  Let  ft  in 
Fig.  1,  represent  some  source  of  electromotive  force ;  a  ahd  c 
conductors  not  forming  a  closed  circuit  but  having  an  opening  at 
<L    The  electromotive  force  at  ft  tends  to  turn  tHe  wheels,  but  so 
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long  as  the  gap  exists  at  d  the  wheels  are  connected  through  all 
space,  and  the  e.  m.  f.  at  h  can  effect  nothing  except  to  torn  the 
wheels  through  a  small  angle  until  the  elastic  resistance  balances 
the  E.  M.  F.  In  the  conductor,  the  wheels  are  not  supposed  to  be 
rigidly  connected.  They  can  turn  by  slipping  on  each  other,  and 
the  wheels  in  space  may  turn  by  slipping  on  the  wheels  in  the 
conductor;  hence,  as  the  ends  of  a  and  c  approach  each  other,  the 
connection  between  the  wheels  within  the  enclosure  and  those  of 
outside  space  becomes  smaller  and  smaller,  and,  when  the  con- 
ductors touch,  there  is  no  longer  anything  to  prevent  the  wheela 
within  from  turning,  and  they  begin  to  spin  in  obedience  to  the 
E.  M.  F.  at  h.  The  conductor  is  heated  by  the  friction  due  to  the 
slip  of  the  wheels  around  and  within  it.  The  spinning  of  the 
wheels  constitutes  the  magnetic  forces  if  we  assume  the  wheels, 
originally  spherical,  to  become  flattened  spheroids  by  the  spinnings 
and  to  be  forced  to  remain  in  contact  at  their  poles.  Assume  tlie 
wheels  to  have  inertia,  and  it  will  require  time  for  them  to  reach 
their  full  velocity,  and  the  time  will  be  greater  as  the  number  of 
wheels  is  greater,  that  is,  as  the  magnetic  forces  developed  are 
greater.  On  the  other  hand,  the  wheels  will  not  at  once  stop  if 
the  electromotive  force  is  removed,  and  if  the  conductor  be 
broken  at  some  point,  allowing  the  rapidly  spinning  wheels  en- 
closed by  it  to  come  in  gear  at  that  point  with  the  stationary  out- 
side wheels,  there  will  be,  for  a  brief  time,  until  the  moving 
wheels  can  be  brought  to  rest,  a  clashing  and  disruptive  action 
known  as  the  extra  spark. 

I  have  spoken  of  the  heating  of  the  conductor  as  due  simply  to 
the  friction  of  the  spinning  wheels  upon  the  wheels  within  the  con- 
ductor. The  greater  the  friction  the  greater  the  motion  imparted 
to  the  wheels  within  the  conductors  and  the  fj^reater  the  heating. 
The  less  the  friction  the  less  the  heat,  and  if  there  were  a  substance 
whose  wheels  could  revolve  among  themselves  and  against  the 
wheels  of  space  without  friction,  such  substance  would  form  a 
perfect  conductor  which  would  offer  no  resistance  to  the  motion 
of  the  wheels  in  the  space  inclosed  by  it,  and  however  rapidly 
those  wheels  might  revolve  they  would  have  no  influence  to  pro- 
duce motion  within  such  a  conductor.  We  are  led,  then,  to  this, 
that  a  perfect  conductor,  instead  of  being  a  substance  in  which 
any  e.  m.  f.  produces  an  infinite  flow  of  electricity,  may  be  a  sub- 
stance in  which  no  effect  whatever  is  produced. 

I  do  not  present  tliis  as  representing  the  real  activities  involved 
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in  electrical  phenomena,  or  as  a  theory  by  which  all  electrical 
phenomena  may  be  explained.  I  give  it  as  bringing  prominently 
into  view  the  activities  in  the  medium  surrounding  the  con- 
ductor; whereas,  the  language  in  which  we  usually  describe 
electrical  phenomena  points  to  the  conductor  itself  as  the  seat  of 
the  electrical  forces.  Whatever  our  theory,  we  know  that*some- 
thing  does  take  place  in  the  medium  that  surrounds  the  con- 
ductor. We  know  that  were  a  heavy  current  to  flow  through  a 
conductor  in  the  most  distant  part  of  this  room  a  delicate  needle 
here  on  the  table  would  show  that  a  magnetic  field  was  produced 
here.  We  are  certain  that  magnetic  lines  of  force  from  the  elec- 
tric currents  on  our  streets,  whether  overhead  or  underground, 
permeate  this  room,  and  traverse  our  bodies  even,  though  we  have 
no  sense  through  which  we  can  become  directly  conscious  of 
them.  Take  in  your  hands  two  wires  connected  to  the  poles  of  a 
battery  or  dynamo  and  touch  their  ends  together.  You  see  a 
flash  of  light,  the  wires  become  warm,  they  attract  iron  filings ; 
coijed  into  a  spiral  they  will  attract  with  great  force  large  masses 
of  iron ;  two  such  spirals  will  attract  or  repel  one  another.  What 
more  natural  than  to  say :  Here  in-  the  wire  is  a  new  activity 
which  warms  it  and  confers  upon  it  magnetic  properties  ?  What 
more  natural  than  to  forget  or  fail  altogether  to  recognize  the 
activities  in  the  space  around ;  activities  that  do  not  impress  any 
of  our  senses ;  that  do  not  wrench  our  arms,  or  bum  our  flesh,  or 
blind  our  eyes ;  and  yet  it  is  well  to  fix  ouf  attention  for  a  while 
upon  the  space  that  the  conductor  encloses,  and  recognize  the 
fact  which  the  little  delicate  needle  demonstrates  to  us,  that 
something  is  going  on  in  that  space,  something  quite  as  im- 
portant, perhaps  more  important,  than  that  which  takes  place  in 
the  conductor. 

Whatever  the  magnetic  forces  are,  we  know  they  cannot  be 
called  into  existence  instantaneously.  Time  must  always  elapse 
before  the  full  effect  of  an  electric  current  is  felt,  and  the  greater 
the  forces  developed  the  longer  are  they  in  reaching  the  maxi- 
mum. Moreover,  the  current  in  the  wire  cannot  be  at  once  de- 
veloped ;  it  keeps  pace  with  the  magnetic  force  and  reaches  a 
maximum  only  when  the  magnetic  forces  reach  a  maximum. 
This  is  exactly  what  would  follow  if  magnetic  forces  result  from 
the  setting  in  motion  of  wheels  possessing  inertia.  Whatever 
magnetic  forces  may  be,  they  begin  and  end  like  the  motions  of 
massive  bodies. 
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Contimiing  our  hypothesis,  an  electromotive  force  would  be 
anything  that  tends  to  set  the  wheeb  in  motion.  The  wheels  are 
set  in  motion  if  a  limited  number  acted  upon  by  the  e.  m.  f.  are 
separated  by  a  conductor  from  the  other  wheels  of  space ;  but, 
even  if  they  are  not  separated,  that  is,  if  the  conductor  does  not 
form  a  closed  circuit,  the  wheels  are  rotated  through  a  small 
angle  depending  on  the  elasticity  of  the  wheelwork.  This  dis- 
placement constitutes  an  electric  charge,  the  tendency  of  the 
wheelwork  to  spring  back  is  difference  of  poteniial^  and  this  dif- 
ference of  potential  is  maintained  by  the  e.  m.  f.  Here  allow  me 
to  call  attention  to  the  distinction  between  difference  of  potential 
and  E.  M.  F.  I  often  see  statements  that  indicate  that  the  distinc- 
tion is  not  clearly  kept  in  view.  In  that  excellent  little  volume, 
the  Dictionary  of  Electrical  Terms,  the  statement  occurs  that 
electromotive  force  is  due  to  difference  of  potential.     It  should 
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Fig.  2. 

rather  be  difference  of  potential  is  due  to  b.  m.  f.  Difference  of 
potential  is  o/n  electromotive  force,  but  not  all  electromotive 
forces  are  difference  of  potential ;  and,  furthermore,  I  can  think 
of  no  case  of  difference  of  potential  that  does  not  owe  its  exist- 
ence to  some  other  electromotive  force,  not  difference  of  poten- 
tial. Difference  of  potential  is  a  moving  force  acting  from  with- 
in. Electromotive  force  acts  from  withoT;it.  Difference  of  po- 
tential results  from  a  .changed  electrical  distribution,  an  electric 
strain,  and  represents  the  t^ndenqy  to  return  to  the  state  of  equi- 
librium, Electromotive  force  is  the  something  from  without 
that  produced  the  electric  strain...  Consider  our  wheelwork  illus- 
tration. I  may  seize  a  wheel  here  and  turn  it,  but  I  can  only  turn 
it.  through  a  small  angle  before  the  elastic  forces,  brought  into 
play  by  the  distortion,  balance  the  force  that  I  am  able  to  e:5ert. 
My  force  is  electromotive  force,  the  elastic  forces  are  difference 
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of  potential.  Let  Fig.  2  represent  a  voltaic  cell  with  its  copper 
5ind  zinc  plates  and  dilute  acid ;  we  know  that  something  takes 
place  by  which  the  copper  becomes  positive  and  the  zinc  nega- 
tive, and,  if  the  copper  and  zinc  be  joined  by  a  wire,  electricity 
is  said  to  flow  from  the  copper  to  the  zinc  through  the  wire,  and 
from  zinc  to  copper  through  the  liquid.  The  flow  through  the 
liquid  used  to  be  explained  by  assuming  the  zinc  to  be  positive 
and  the  copper  negative  within  the  liquid ;  just  the  reverse  of 
what  we  find  without.  But  connect  the  copper  to  the  zinc  by  a 
wire  under  the  liquid,  the  current  flows  through  the  wire  from 
the  copper  to  the  zinc.  The  copper,  therefore,  is  not  negative, 
but  everywhere  positive.  Then  why  does  the  current  set  from 
the  zinc  to  the  copper  through  the  liquid  ?  Because  there  is  an 
electromotive  force,  not  difference  of  potential,  mind  you,  for  the 
difference  of  potential  tends  to  cause  a  flow  the  other  way,  but  a 
something  that  forces  the  current  through  the  liquid  against  the 
electric  pressure.  The  cell  is  an  electric  pump  that  pumps  elec- 
tricity from  the  zinc  into  the  copper  until  the  pressure  becomes 
so  great  that  the  pump  stops.  Open  a  passage  from  the  copper 
to  the  zinc  by  connecting  the  two  by  means  of  a  metallic  wire, 
the  electricity  flows  and  relieves  the  pressure,  the  pump  begins  to 
work  and  so  maintains  a  continuous  flow.  No ;  e.  m.  f.  is  not 
difference  of  potential,  although  difference  of  potential  is  e.  m.  f. 
It  is  even  possible  to  produce  an  electric  current  without  any  dif- 
ference of  potential  whatever  in  any  part  of  the  circuit,  just  as  it 
is  possible  to  produce  a  flow  of  fluid  without  any  difference  of 
pressure. 

Whatever  diflference  of  potential  may  be,  it  behaves  like  a 
force  developed  by  an  elastic  displacement  in  a  solid  body. 
Whatever  magnetic  forces  may  be,  they  behave  as  though  pro- 
duced by  the  motions  of  inert  masses.  An  electromotive  force, 
suddenly  brought  to  bear  at  a  given  point,  has  to  overcome  not 
only  the  elastic  force  but  the  magnetic  inertia.  In  other  words, 
an  electromotive  force,  tending  to  produce  current,  immediately 
develops  a  difference  of  potential  against  which  it  must  act,  and 
also  develops  magnetic  forces  which  retard  its  action;  so  di,  fluid- 
movmg  force  meets  opposition  in  the  elastic  force  of  the  fluid  and 
in  the  inertia  of  its  particles.  But  the  effect  of  any  such  force  is 
propagated  through  the  medium  with  a  flnite  velocity  expressed 
by  the  well-known  formula. 
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Electric  displacements  ought,  therefore,  to  be  propagated  with 
a  finite  velocity  which  should  have  some  relation  to  the  ratio 
between  the  electrostatic  effects,  analogous  to  elastic  displace- 
ments, and  the  electro-magnetic  effects  analogous  to  the  effects  of 
moving  masses.  You  all  know  that  it  is  shown  that  this  velocity 
is  expressed  by  the  ratio  of  the  magnitudes  of  the  electro-mag- 
netic and  electrostatic  units  quantity,  and  you  know  also  that  de- 
terminations of  this  ratio  show  it  to  be  the  velocity  of  light. 
This  determination  gave  a  very  strong  support  to  Maxwell's 
electro-magnetic  theory  of  light,  and,  coupled  with  the  fact  that 
observations,  so  far  as  they  went,  indicated  that  magnetic  effects 
are  propagated  from  the  sun  to  the  earth  with  the  same  velocity 
as  light,  made  the  theory  at  least  extremely  plausible.  But  with- 
in two  years  the  wonderful  experiments  of  Hertz  have  demon- 
strated beyond  question  that  electro-magnetic  waves  travel 
through  space  from  every  source  of  alternating  currents  or  poten- 
tials, and  that  the  waves  travel  with  the  velocity  of  light.  In 
this  city  there  are,  I  suppose,  many  alternating  current  systems- 
When  we  think  of  these  in  action  we  are  apt  to  think  only  of  the 
activity  in  the  conductors  of  the  machines,  the  lines,  the  trans- 
formers, the  lamps,  and  yet  we  know  that  in  all  the  space  around 
there  is  activity.  Waves  are  chasing  each  other  through  this 
room,  through  our  streets,  our  houses,  our  offices.  They  are 
everywhere  present.  We  are  bathed  in  this  agitated  medium 
every  moment,  and  yet  we  live,  and  not  only  live,  but  are  totally 
unconscious  of  the  activity  that  surrounds  us.  Ko  sense  responds 
to  the  wave  motion  that  fills  this  space.  And  yet,  when  these 
waves  become  short  enough  and  frequent  enough,  they  do  affect 
our  sense  of  vision  and  a  vast  array  of  phenomena  Uiat  other- 
wise would  have  had  no  existence  for  us,  are  made  known  to 
us  through  this  special  sense.  But  the  eye  only  responds 
to  waves  of  Tiri^ir  to  TriirTr  of  an  inch  in  length,  while  the  length 
of  the  waves  emitted  by  one  of  our  alternating  current  systems 
is  600  miles.  The  waves  that  affect  the  eye  must  occur  at  the 
inconceivable  rate  of  at  least  400  millions  of  millions  per  second, 
while  less  than  300  waves  per  second  are  emitted  from  our  alter- 
nating systems.  These  waves  come  very  far  short  of  the  number 
necessary  to  affect  any  of  our  senses ;  but  we  have  been  able  to 
demonstrate  their  existence,  at  least  we  have  been  able  to  show 
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that  something  possessing  all  the  characteristics  of  wave  motion 
exists  in  the  space  around  a  source  of  alternating  currents  or  po- 
tentials. It  is  something  to  know  that  waves  of  such  enormously 
different  lengths  and  frequencies  exist  in  the  medium  that  is 
agitated  by  waves  of  light.  It  is  something  to  understand  that 
our  sources  of  alternating  currents  are  centres  of  radiant  energy, 
diflEering  from  light  only  in  wave  length ;  and  since  we  have  be- 
gun to  appreciate  this  fact,  we  have  often  asked  ourselves  the 
question :  Can  the  rate  of  alternation  be  increased  until  the  whole 
apparatus  should  glow  with  light?  Although  the  enormous 
rapidity  required  seems  to  render  this  direct  solution  impossible, 
it  seems  to  me  there  must  be  a  way  to  obtain  the  light  we  want 
without  all  this  waste  of  energy.  I  cannot  believe  it  will  always 
be  necessary  to  develop  waves  of  all  lengths  from  many  miles 
down  to  a  hundred  thousandth  of  an  inch,  in  order  to  obtain  the 
narrow  range  of  wave  lengths  by  which  we  see.  I  do  not  know 
of  any  practical  way  of  obtaining  the  few  wave  lengths  that  con- 
stitute light  without  at  the  same  time  producing  the  others,  but 
it  is  done.  The  glow-worms  do  it,  the  fire-flies  do  it,  the  lantern 
beetles  do  it,  and  I  believe  the  time  is  coming  when  man  can  do 
it.  Instead  of  getting  10  16-candle  lamps  per  horse-power 
we  ought  to  get  200.  I  don't  know  how  it  is  to  be  done. 
I  don't  expect  we  are  going  to  make  alternating  machines  to  pro- 
duce 500  millions  of  millions  of  alternations  per  second.  But 
possibly  we  may  solve  the  problem  indirectly  by  the  use  of  some 
substance  having  a  special  rate  of  vibration,  such  as  the  gases. 
Possibly  we  may  be  able  to  exite  electrically  the  fluorescent  salts. 
Possibly  we  may  be  able  to  charge  and  discharge  a  condenser  and 
take  advantage  of  the  oscillatory  discharge  to  set  up  vibrations  of 
the  frequency  required.  Possibly  we  may  discover  the  secret  of 
the  glow-worm  and  fire-fly  and  substitute  electric  for  the  insect 
energy.  I  know  it  will  take  several  fire-flies  to  equal  a  16-candle 
lamp,  but  it  will  also  take  a  good  many  fire-flies,  to  develop  a 
horse-power.  But  although  I  do  not  see  at  present  any  practical 
solution  of  the  problem,  I  repeat,  I  believe  the  problem  can  and 
will  be  solved.  We  are  not  going  on  forever  burning  a  coal  mine 
whenever  we  want  a  little  light.  Neither  are  we  going  on  for- 
ever converting  the  energy  of  coal  into  heat  when  it  is  mechanical 
or  electrical  energy  we  want.  From  the  very  nature  of  things 
not  more  than  one-fourth  or  one-third  the  heat  so  produced  can 
be  transformed  into  any  other  form  of  energy.    The  energy  of 
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fuel  ca/n,  be  converted  into  mechanical  energy  without  first  be- 
coming heat.  It  ifi  so  converted  in  every  animal  movement.  The 
way  exists ;  let  us  find  it.  Find  this,  and  the  way  to  make  light 
only,  when  it  is  only  light  we  want,  and  we  shall  have  lengthened 
the  life  of  our  coal  deposits  five  or  ten  times.  The  man  wha 
solves  either  one  of  these  problems  will  be  the  greatest  discoverer 
of  this  or  any  other  age.  If  he  gets  a  broad  patent  on  it,  he  will 
have  seventeen  years  of  the  grandest  litigation  the  world  ever 
saw. 

Now  I  can  imagine  that  some  electrician  will  consider  that  the 
first  part  of  this  paper  dealt  with  matters  that  are  of  no  practical 
consequence  in  the  use  of  electric  currents.  Of  what  practical 
consequence  is  it  whether  force  is  conveyed  to  a  distance  by 
means  of  a  medium  or  simply  acts  at  a  distance.  What  does  it 
matter  whether  electric  energy  is  conveyed  by  the  conductor  or 
through  the  dielectric  ?  We  know  how  to  proportion  and  dis- 
pose our  conductors  to  produce  a  given  effect,  and  that  is  enough. 
But  consider  what  we  have  learned  already  of  the  intimate  con- 
nection between  light  and  electricity,  and  I  think  you  will  agree 
that  the  more  we  know  of  the  ultimate  natuie  of  electricity  the 
nearer  we  shall  be  to  the  solution  of  the  great  problem  to  which 
I  have  referred,  and  the  solution  of  either  one  of  those  problems 
would  revolutionize  some  of  the  most  important  industries  of  the 
world.  May  not  the  solution  of  at  least  one  of  these  problems  be 
accomplished  and  the  results  exhibited  at  the  great  exhibition  to 
be  held  in  1892?  What  a  wonderful  achievement  it  would  be 
to  light  all  those  great  buildings  without  heat,  or  drive  all  that 
vast  aiTay  of  machinery  without  a  fire  1 


DI80C88I0N. 

The  Chairman,  (George  M.  Phelps) : — Professor  Anthony  has 
very  pleasanty  led  us  into  a  realm  of  speculation — not  altogether 
speculation,  because  it  is  founded  on  many  things  known  before, 
and  I  am  quite  sure  that  some  of  you  will  be  glad  to  follow  him 
immediately  in  treating  of  the  topic  that  he  has  so  happily 
opened. 

Dr.  Otto  A.  Moses: — I  have  to  thank  Professor  Anthony  for 
a  most  interesting  lecture.  It  has  indeed  set  our  thoughts  moving. 
I  presume  that  all  of  us  here  have  been  very  deeply  interested  in 
those  speculations,  because  though  they  may  be  speculations,  they 
are  the  scaffolding  upon  which  the  whole  science  of  electricity 
has  been  bttsed.      It  was  the  pursuit  of  a  hypothesis  that  led 
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Kepler  y^ar  after  year  through  very  patient  investigations  to  the 
results  which  revolutionized  astronomy.  The  same  course  led 
Faraday,  step  by  step,  to  those  determinations  which  finally  cul- 
minated in  what  we  are  now  first  recognizing — the  identity  of 
electricity  and  light*  So  that  1  can  say  that  we  have  all  been 
graduallv  accustoming  ourselves  to  these  speculations,  even  though 
many  of  us  may  be  enga^d  in  the  practical  used  of  electricity. 

There  are  some  remarks  in  Professor  Anthony's  very  interest- 
ing observations  to  which  I  would  like  to  call  particular  attention, 
more  especially  the  last,  as  bearing  upon  our  practical  applications 
of  these  speculations.  He  spoke  of  the  possibility  of  using  the 
molecular  action  of  gases  as  a  means  of  transforming  wave- 
lengths. If  my  memory  serves,  that  has  been  done  ever  since  the 
Banmkorff  coil  has  been  in  operation  and  the  Geissler  tube  has 
become  so  perfect  an  analyzer  of  the  electric  current.  In  that 
respect  we  have  already  anticipated  some  of  these  results.  Let 
us  consider  what  we  already  have.  In  the  Geissler  tube  you  have 
the  attenuated  gases ;  yon  have  two  disconnected  poles ;  you  have 
a  current  passing,  and  the  wave-lengths  broken  up  and  the  light 
produced.  So  that  we  have  right  there  before  us  the  facts. 
Whether  we  can  ever  utilize  the  Geissler  tube  to  effect  these 
immense  economies  that  the  Professor  so  pleasantly  prophesied 
is  a  question  to  be  determined.  It  has  been  experimented  upon, 
and  I  have  found  in  my  short  experience  in  life  that  these  things 
come  when  they  are  needed,  Tnere  are  certain  groups  of  ideas 
that  must  be  exhausted  before  people  will  adopt  others  and  in- 
vestigate them.  We  have  seen  it  in  the  development  of  all  the 
different  branches  of  electric  appliances.  We  have  seen  it  in  the 
telegraph.  We  have  seen,  for  instance,  Morse  using  Wheat- 
stone's  method  of  transmission ;  we  have  seen  him  abandon  it. 
"We  saw  him  commence  with  underground  conductors ;  we  saw 
him  abandon  them  simply  because  the  art  of  that  day  was  not 
perfect  enough  to  allow  him  to  supply  them  with  profit ;  so  that 
we  can  unearth  many  and  many  a  theory  now  which  already 
existed,  but  only  awaited  the  development  of  the  arts  to  be  put 
into  practice. 

Now  there  is  one  thing  I  would  like  to  add  as  a  brief  supple- 
ment to  Professor  Anthony's  predictions.  It  is  in  no  cntical 
spirit  that  I  mention  it,  because  1  willbe  running  somewhat 
counter  to  the  mechanical  hypothesis  upon  which  he  developed 
many  of  his  remArkfi.' '  One,  with  great  humility,  must  undertake 
to  oppose  himself  to  a  theory  emanating  from  such  a  mind  as 
that  of  Clerk  Maxwell,  but  one  of  the  difiiculties  in  the  minds  of 
all  great  mathematicians  is  that  they  must  put  their  thoughts  in- 
to mechanical  methods  in  order  to  be  able  to  weigh  and  measure 
directly.  If  we  could  pnly  divest  ourselves  of  the  fact  that  they 
considered  all  nature  to  be '  coniposed  Af  molecules,  we  would 
then  come  into  another  i^nge  of  thought.  I  see  myself  no  ne- 
cessity f or  itnagining  all  nature  split  up  into  infinite  particles-^ 
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infinite  in  number  and  infinitely  small  and  large  in  size.  I  can 
readily  conceive  of  a  continuity  of  matter.  In  fact,  that  thought  is 
no  novelty.  It  has  been  woven  through  all  science,  only  we  are  so 
accustomed  to  limitations  in  our  contact  with  nature,  tnat  we  are 
apt  to  conceive  that  those  limitations  actually  exist  beyond  our 
mere  nerception  of  them.  As  Professor  Anthony  said,  very 
properly,  there  is  an  immense  diflFerence  in  our  sense  oi  observation 
between  a  wave  length  of  electricity  and  one  of  light,  but  there 
is  no  reason  that  there  is  not  a  perfectly  insensible  graduation 
from  the  wave  of  electricity  into  that  of  light.  In  fact  we  see  it 
when  the  current  chances  from  heating  efltect  into  light. 

A  Mekber  : — There  is  one  point  I  would  like  to  have  explained 
in  the  wheel  hypothesis :  To  increase  the  current  of  a  conductor 
without  increasing  the  heat  waste,  it  is  necessary  to  increase  the 
area  of  the  conductor.  I  should  think  that  would  increase  the 
number  of  wheels  inclosed  in  a  conductor,  and  therefore  increase 
the  friction  and  the  amount  of  slip,  and  thus  increase  the  heat 
developed  instead  of  decreasing  it. 

Professor  Anthony: — AsT  understand  it,  the  more  wheels 
there  are  in  a  conductor,  the  less  is  the  amount  of  energy  spent 
in  causing  the  slip  over  them,  because  you  have  got  more  surface 
for  slip.  What  we  call  a  given  current  is  accompanied  by 
certain  magnetic  eflFects  That  would  mean  that  the  wheels  in 
s^ace  enclosed  by  the  conductor  are  revolving  at  a  certain  rate. 
I^  ow  supposing  those  all  to  be  revolving  at  the  same  rate  and  in- 
creasing the  size  of  the  conductor  and  increasing  the  number  of 
wheels  there  are  in  it,  the  wheels  that  are  in  the  conductor  will 
be  set  revolving  at  a  less  rate  instead  of  a  greater  one,  because 
there  will  be  greater  surfaces  where  the  slip  can  occur. 

P  .OFESSOR  m.  M.  Garver  : — It  is  rather  curious  to  me  that 

fenerally  speaking  all  the  heat  developed  in  the  conductor,  as 
Ir.  Heaviside  looks  at  it  is  an  action  around  the  conductor.  In 
that  connection  I  cannot  see,  if  it  takes  place  around  the  conductor, 
why  the  law  of  temperature  should  hold  as  it  does  in  the  case  of 
metalsi  Take  for  instance,  the  case  of  copper ;  I  believe  the  var 
riation  is  about  two  tenths  of  •  ne  per  cent,  for  one  degree  Fahren- 
heit. If  the  same  law  holds,  for  500  deg.  below  zero  Fahrenheit 
there  should  be  no  resistance  and  no  heat  developed  in  thfe  con- 
ductor. I  believe  some  experiments  have  been  made  in  regard 
to  the  conductivity  of  copper  at  very  low  temperatures.  I  would 
be  glad  to  hear  from  any  one  who  has  knowledge  of  this  subject. 
Mr.  a.  E.  Kennelly  : — I  think  it  would  be  unnecessary  for  me 
to  add  my  own  personal  views  to  what  I  am  sure  is  the  universal 
sentiment  concerning  the  paper  to  which  we  have  had  the  pleasure 
of  listening.  But  while  it  is  full  of  food  fof  reflection  from  both 
a  theoretical  and  practical  point  of  view,  I  hope  there  is  one  point 
mora  that  may  be  permitted  to  be  brought  lorward,  that  is,  the 
great  difference  between  what  might  be  called  a  working  theory 
and  an  ultimate  theory.     Tracing  oack  the  history  of  any  of  the 
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ficienceg,  as  they  are  so  called  to-daj,  we  see  how  very  wide-spread 
they  were,  how  numerous  the  sciences  were,  how  in  the  Greek 
days  every  activity  such  as  the  motion  of  a  cloud  and  the  motibn 
of  a  body  in  the  air,  was  supposed  to  proceed  from  some  superior 
cause,  and  gradually  as  knowledge  increased  and  as  investigation 
pursued  its  quiet  path,  those  forces  were  singled  out  and  found 
to  be  fewer  and  fewer,  and  so  to-day,  we  stand  with  a  certain 
number  which  we  still  hope  will  be  reduced  and  finally  embodied 
in  one.  Dr.  Moses  has  given  us  a  very  beautiful,  I  might  almost 
say,  a  poetic  view  of  what  he  calls  the  infinitude  of  nature,  but  I 
think  it  would  be  a  finer  expression  perhaps,  if  he  will  allow  me 
the  correction,  if  that  infinitude  be  considered  as  proceeding 
rather  from  the  unity  of  nature.  In  fact  if  we  go  oack  to  the 
days  of  Polytheism,  tne  old  Mahometan  cry  "  There  is  one  God" 
stands  very  aptly  by  comparison.  In  the  theory  of  heat  for 
example  there  were  what  we  call  now  the  crudest  notions  pre- 
valent about  four  hundred  years  ago  as  to  what  its  nature  might 
be.  Slowly  those  views  have  become  clearer,  and  now  perhaps 
heat  is  in  its  theory  more  complete  than  any  of  our  other  sciences. 
But  the  trouble  with  heat  has  been  the  same  as  it  is  now  with 
electricity — the  difficulty  of  getting  first  a  theory  that  was 
workable  and  then  a  theory  which  would  account  for  the  facts 
clearbr  and  consistently.  We  have  listened  to  the  explanation 
of  a  beautiful  theory,  a  theory  worthy  certainly  of  the  master 
minds  that  originated  it ;  but,  somehow  it  does  not  appear  as 
though  that  theory  were  going  to  be  the  ultimate  one  which 
would  satisfy  us  when  we  come  to  consider  nature  as  a  whole, 
and  that  although  it  is  a  good  working  hypothesis — a  peg  upon 
which  we  can  hang  our  thoughts — ^that  after  all  we  may  hope  for 
some  simpler  and  more  universal  distribution  of  matter  than 
spinning  wheels  in  space.  A  vacuum  was  once  supposed  to  be 
the  absence  of  everything  From  space,  and  nature,  as  we  read 
in  the  old  books  abhorred  a  vacuum  but  gradually  people 
began  to  find  out  there  must  be  something  left,  because  pheno- 
mena take  place  which  could  not  be  accounted  for  if  there  were 
nothing  there,  for  we  cannot  conceive  of  action  through  nothing, 
and  gradually  as  light  came  to  be  considered  no  longer  on  a  cor- 

Euscular  theory,  it  became  necessary  to  invent  a  new  ether  and' 
nally  the  question  arose,  will  not  the  same  ether  do  for  both? 
Then  came  the  electro-magnetic  theory  of  light  and  that  required 
a  special  ether,  but  that  also  has  been  united.  Now  for  the 
briUiant  work  of  Hertz  and  Maxwell  we  see  that  those  two 
ethers  are  one  and  the  same ;  at  least  we  cannot  distinguish  be- 
tween their  properties.  The  ether  that  we  suppose  will  propa- 
gate light,  is  surely  not  one  that  we  can  readily  unite  with  the 
idea  01  spinning  wheels  in  space.  The  mere  fact  that  the  thing 
is  difficult  to  conceive  of,  is  no  bar  of  course  to  its  truth.  But 
we  are  entitled  to  the  expectation  that  nature  in  her  infinity  is 
infinitely  simple.    Surely,  it  is  in  this  ether  that  we  have  to  in- 
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vestigate  something  which  unites  more  readily  the  functions  of 
gravitation  of  light  and  of  electricity.  If  we  have,  for  example,  a 
vessel  full  of  incompressible  fluid: — water  will  answer — and  we 
introduce  two  little  jets,  small  by  reference  to  the  whole  vessel, 
and  we  cause  the  vessel  to  be  hermetically  sealed,  full  of  water, 
then  if  we  force  water  out  of  one  jet,  back  throufifh  the  other, 
causing  a  circulation  to  take  place,  we  shall  find,  if  there  be  no 
vortex-motion  in  the  liquid,  and  if  all  the  particles  advance  in 
ranks,  shoulder  to  shoulder — that  the  lines  pursued  by  the  in- 
dividual particles  are,  strangely  enough,  the  lines  which  are 
followed,  we  have  eyery  reason  to  believe,  by  magnetism,  by  heat 
and  by  gravitation.  Surely  there  is  some  g:rand  principle  under 
lying  that  great  class  of  phenomena  which  some  day  in  the 
^utui-e  will  ]oin  them  all  into  one  coherent  principle. 

The  point  that  Prof.  Garver  mentioned  about  tne  conductivity 
of  copper  at  a  very  low  temperature  certainly  has  great  practical 
interest  although  we  are  not  likely  to  live  in  a  climate  where  for 
the  sake  of  our  conductors  we  submit  to  two  or  three  hundred 
degrees  below  zero.  But  I  think  that  experiments  have  been 
made  at  minus  40- degrees  centigrade  which  showed  a  ver^  large 
increase  in  the  conductivity  of  copper,  and  the  co-efficient  of 
temperature  was  very  much  larger  at  that  point  than  it  was 
higner  up  the  scale.  The  late  Sir  William  Siemens  had  a  very 
interesting  theory  that  the  resistance  at  a  very  low  temperature 
was  very  small  indeed,  but  rose  rapidly  at  first  and  slower  and 
slower  afterward.  That  is  contrary  to  our  orthodox  views  about 
conductivity  of  copper  at  high  temperatures,  but  it  is  a  view 
which  is  interesting  in  itself. 

Mr.  Townsend  Wolcutt:— Regarding  the  existence  of  a  me- 
dium. Professor  Anthony  has  given  voice  to  the  most  general 
opinion  in  saying  that  action  at  a  distance  is  unthinkable.  I  be- 
lieve this  is  the  view  which  Sir  Isaac  Newton  took ;  bat  it  must  not 
be  forgotten  on  the  other  hand  that  Roger  Cotes  said  that  there  is 
no  a  priori  reason  for  disbelieving  in  action  at  a  distance  anpr 
more  than  any  other  experimental  facts  that  we  have,  and  it  is 
this  same  Roger  Cotes  of  whom  Sir  Isaac  Newton  said  in  speak- 
.  ing  of  his  untimely  death :  "  Had  he  lived  we  should  have  known 
something."  I  think  that  a  part  of  the  difference  between  these 
two  classes  of  thinkers  arises  from  their  having  a  different  con- 
ception of  the  meaning  of  the  word  medium.  In  the  present 
state  of  the  science,  if  we  do  not  make  the  word  medium  mean 
too  much,  it  is  in  my  opinion  practically  demonstrated  that  there 
is  a  medium.  If  we  saj^  that  action  at  a  distance  through  space  — 
vacant  space — is  untliinkable,  what  do  we  mean  by  space  ?  If 
we  mean  simply  exten^on,  the  concept  of  extension  being  simply 
three  dimensions,  it  is  unthinkable.  But  in  conceiving  of  a  me- 
dium we  are  too  apt  to  make  the  word  mean  too  mudi.  Now, 
Professor  Stokes  has  shown  that  the  luminiferous  ether  acts  like 
an  elastic  solid;  that  is  to  say  tlie  mathematics  of  solid  elasticity 
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apply  to  the  ether ;  but  in  order  that  it  should  be  an  elastic  solid 
whicli  had  the  same  degree  of  elasticity  as  the  ether  does  have, 
on  that  hypothesis  it  would  have  to  be  an  exceedingly  solid  kind 
of  a  solid.  I  forget  how  much  pressure  there  would  have  to  be, 
but  it  was  something  enormous.  Now,  we  know  that  the  ether 
is  not  such  a  solid  as  that.  A^in  taking  the  modem  theory  that 
the  action  of  the  dielectric  is  a  stress,  we  may  apply  the  same 
comment  to  this  also.  The  mathematics  of  stress  are  equations 
similar  to  the  equations  that  apply  to  electric  phenomena  in  a 
dielectric.  However,  there  can  be  no  real  stress  in  the  sense  in 
which  we  understand  the  word,  because  the  very  bodies  which  can 
not  sustain  a  stress  are  the  ones  which  are  the  best  dielectrics. 
In  fact  a  vacuum,  which  we  do  not  consider  a  body  at  all,  is  a 
dielectric,  and,  according  to  some  electricians,  it  is  the  very  best  of 
insulators ;  and  metals  which  generally  are  capable  of  sustaining  a 
great  deal  of  stress,  are  all  conductors  and,  according  to  theory,  are 
bodies  in  which  the  state  of  dielectric  stress  cannot  exist,  but  gives 
way  immediately,  producing  what  we  know  as  current. 

Vr.  Michael  Pcpin: — I  would  like  to  express  my  feelinff  of 
obligation  to  Prof.  Anthony  for  his  able  lecture  on  the  mooern 
theories,  and  with  his  kind  permission  to  add  a  few  comments  as 
a  supplement  to  his  review.  We  know  what  ideas  Faraday  had 
*  of  dielectrics  and  the  function  which  they  perform  in  the  trans- 
mission of  the  electric  action  from  one  part  of  space  to  another. 
We  know  that  Faraday  supposed  the  dielectric  to  be  filled  with 
small  conducting  particles  which  have  the  property  of  polarity. 
In  what  that  polarity  ma^  consist  we  do  not  know.  We  may 
suppose  it  is  of  the  same  kind  as  the  magnetic  polarity  in  the  case 
of  soft  iron.  That  theorv  has  been  worked  out  by  Professor 
Helmholz,  and  he  deduced  the  equations  for  the  distribution  of 
the  stress  in  the  medium  of  the  dielectric  exactly  the  same  as 
Maxwell  did.  In  fact  the  equations  which  Helmholz  obtained 
are  a  little  bit  fuller.  Now,  given  that  a  dielectric  consists  of 
very  small  particles,  each  one  having  the  properties  of  polarity 
and  all  the  electro-static  and  all  the  electro-magnetic  phenomena 
can  be  explained.  I  do  not  see  that  it  is  necessary  to  go  into  the 
consideration  of  wheels  working  within  other  wheels.  To  be  sure 
Maxwell  did  work  out  the  theorv  in  1862, 1  think,  to  which 
reference  was  made  this  evening,  but  he  gave  it  up,  and  in  his 
second  volume  on  electricity  he  refers  to  fliis  theory  in  a  sort  of 
oflE-hand  way,  saying  that  some  years  ago  he  worked  out  a  theory 
of  electricity  based  on  the  hypothesis  of  Sir  William  Thomson 
of  vortex  motion.  Helmholz,  supposing  the  medium  to  have 
only  this  property  of  polarization — these  papers  are  not  published 
yet,  but  I  expect  they  will  be  published  very  soon,  though  they 
are  not  very  new,  because  these  things  have  been  worked  out  be- 
fore by  Sir  William  Thomson,  and  I  think  by  Maxwell — shows 
that  it  there  is  any  electric  disturbance,  whether  it  be  an  electro- 
static or  electro-magnetic,  in  the  conductor  must  be  propagated 
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in  the  whole  dielectric,  becaiiae  difiturbance  in  the  electric  state 
of  the  conductor  will  canee  a  distarbance  of  the  streBs  in  the 
dielectric,  and  tliat  disturbance  of  the  metal  giyes  the  electro- 
mimetic  action. 

Every  one  of  the  speakers  this  evening  has  spoken  of  forces. 
The  term  force  is  very  elastic  and  ma^  mean  almost  anything. 
In  fact,  1  think  every  man  has  his  own  idea  about  force.  But  if 
we  are  to  discuss  and  use  the  term  we  must  have  the  same  defini- 
tion. I  think  if  we  are  to  treat  sciences  from  the  mechanical 
standpoint,  then  we  must  define  force  mechanically.  That  is,  we 
must  fall  back  necessarily  on  the  Newtonian  definition  of  force, 
i.  e,  as  producing  nothing  but  motion— this  is  the  elementary 
definition  of  force.  When  we  speak  of  electric  and  magnetic 
forces  we  certainly  deal  with  something  which  will  produce  more 
than  motion  alone.  Take,  for  example,  Amnere's  integral  law, 
bjr  which  we  know  that  a  curreut  flowing  turou^h  a  conductor 
will  act  upon  a  magnetic  pole  just  the  same  as  if  toe  wire  was  an 
empty  shell  having  a  magnetic  moment  equal  to  the  strength  of 
the  current.  But,  in  every  de^rtment  of  science  it  is  always 
desirable,  and  in  fact  it  is  the  highest  aim  of  every  physicist  to 
deduce,  not  the  integral  law  but  the  difierential  law.  Newton 
achieved  his  great  success  when  he  found  the  differential  law — 
the  law  of  universal  gravitation.  Am})ere  thought  his  integral  * 
law  would  be  of  little  use  to  him  if  he  did  not  know  the 
differential  law,  namely,  the  law  which  determines  the  action  of 
each  element  of  one  conductor  upon  each  element  of  an^  other 
conductor  or  upon  itself.  He  saia,  let  us  now  resolve  this  integral 
action  into  elementary  actions.  He  did  it  and  he  found  that  each 
element  of  the  conductor  acts  upon  a  pole  or  upon  an  element  of 
another  conductor  with  a  force  whicn  is  not  exerted  in  the  line 
connecting  the  two,  but  perpendicularly  to  that  line.  Other 
differentiS  laws  have  been  deduced  in  the  last  twenty  years  by 
Maxwell,  Weber  itnd  Helmholtz.  Some  of  these  laws  suppose 
that  there  is  not  only  a  force  perpendicular  to  the  line  between 
the  two  elements,  out  also  tliat  there  is  something  that  tends 
to  turn  the  element,  so  that  we  have  to  deal  here  not  only  with 
forces,  which  are  determined  by  laws  of  mechanics,  but  with 
forces  that  lie  entirely  outside  of  that.  Therefore  we  are  always 
to  carefully  distinguish  what  we  mean  by  force.  Is  it  purely 
mechanical  force,  or  is  it  a  force  which  produces,  t>esides  motion, 
something  else  ?  We  cannot  speak  of  chemical  forces  in  the  same 
way  as  we  speak  of  mechanical  forces,  because  mechanical  forces 
are  limited  by  the  definition  of  Newton  and  they  produce  nothing 
but  the  motion  of  the  mass.     Chemical  force  produces  heat ;  it 

E reduces  chemical  composition  and  decomposition;  it] reduces 
ght  and  it  may  produce  motion  also.    We  do  not  deal  here  with 
pure  forces  sucn  as  gravitating  force  which  is  always  exerted  in 
the  line  connecting  the  two  points  acting  upon  one  another. 
The  otiier  point  which  I  would  like  to  mention  refers  to  con- 
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ductivity.  A  gentleman  said  that  the  rule — I  will  not  call  it  a 
law — is  that  every  metal  increases  its  resistance  with  temperature, 
and  therefore  at  a  certain  low  temperature  it  ought  not  to  offer 
any  resistance  at  all.  The  fallacy  is  self-evident.  When  we 
speak  of  a  law  we  do  not  mean  something  absolutely  true.  Clif- 
ford has  defined  its  meaning;  a  law  is  true  only  for  those  condi- 
tions under  which  the  particular  phenomena  which  led  to  the 
construction  of  the  law  were  observed.  The  law  of  heat,  the  law 
of  light,  the  law  of  electric  current  were  observed ;  not  in  a  tem- 
perature of  several  million  degrees,  but  in  temperatures  which 
we  can  get  ranging  from  rairus  80  dtgrees  centigrade  to  perhaps 
3000  degrees  centigrade,  the  highest  temperature  which  we  could 
obtain.  Therefore  the  law  above  those  limits  may  be  true  or 
may  not  be  true.  Every  law  may  be  represented  by  a  certain 
curve.  Where  the  curve  does  not  run  from  minus  infinity  to 
plus  infinity  we  know  a  very  small  space  of  that  curve ;  the  rest 
we  do  not  know. 

Prof.  Garver  : — I  see  I  was  misunderstood  in  reference  to 
the  conductor.  I  was  speaking  of  the  fact  that  at  first  sight  it 
seems  that  the  variation  in  conductivity  due  to  the  temperature 
in  the  conductor  was  at  variance  with  tlie  view  that  the  action 
took  place  outside  instead  of  inside  the  conductor.  Since  thinking 
it  over  I  have  arrived  at  what  seems  to  be  a  plausible  answer  to 
my  own  question,  that  the  conductor,  being  actuated  by  heat,  tlie 

S articles  are  in  motion.  Now,  as  the  temperature  oi  the  con- 
uctor  goes  down,  the  heat  action  becomes  less  and  less,  and  it 
then  approximates  to  what  I  believe  it  is  supposed  to  be — a  hole 
through  the  medium. 

Mr.  Nikola  Tesla:— I  want  to  suggest  a  practical  idea  on 
which  I  have  not  taken  a  patent,  but  which  is  cheerfully  offered 
in  case  any  gentleman  wants  to  patent  it.  There  seems  to  be  no 
doubt  to-day  that  light  and  electricity  are  one  and  the  same,  and 
that  between  the  two  there  is  only  a  difference  in  degree.  Now, 
the  question  resolves  itself  into  how  to  produce  a  sufficient  num- 
ber of  undulations  to  equal  those  of  light.  We  know  that  if  you 
put  two  coils  in  inductive  relation  and  pass  through  the  primary 
an  undulating  current  you  can  produce  in  the  secondary  two  dis- 
tinct currents.  Then  from  that  secondary  we  can  again  act  in 
the  same  manner  upon  another  coil  and  so  on  I  have  figured 
that  at  that  rate  it  would  require  about  23  conversions.  If  you 
assume  an  efficiency  of  80  per  cent  in  the  first  you  can  assume 
one  of  2  per  cent,  in  the  last  coil  which  is  the  twenty-third. 

Now  there  is  another  thing  I  wish  to  mention.  That  is,  that 
while  we  are  convinced  that  light  and  electricity  and  electro- 
magnetic action  are  the  same,  yet  tliere  seems  to  be  a  difference 
between  light  and  electricity  in  that  we  cannot  maintain  light  in 
a  static  state;  but  we  can  maintain  electricity  so.  And  again 
light  and  magnetism  are  similar  in  this  respect  That  when  we 
attempt  to  store,  for  instance,  magnetism  and  light — a  problem 
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which  i8  very  interesting  and  wouhl  he  very  valuable  if  solved — 
we  know  well  that  we  can  magnetize  steel  and  it  will  hold  mag- 
netism indefinitely.  We  can  also  magnetize  a  soft  iron  bar  but  it 
will  lose  the  magnetism  soon.  Now  there  seems  to  be,  from  what 
Prof.  Anthony  nas  so  admirably  set  fcn-th,  a  possibility  of  pro- 
ducing a  magnet  of  such  qualities  that  it  would  for  an  indefinite 
time,  say  for  a  year  or  more,  continuously  discharge  it«  magnetism 
after  a  cessation  of  the  current  which  energized  it.  Then  we 
could  store  electricity.  I  attempte<l  in  my  early  days  to  do  that, 
but  it  does  not  work.  Another  thing  in  regard  to  light — if  we 
expose  certain  bodies  to  an  arc  light  or  a  very  intense  source  of 
light  we  will  find  that  they  will  take  up  light  for  the  first 
moments,  but  when  the  light  is  intercepted  it  will  instantly  fall 
and  the  little  that  remains  will  gradually  disappear,  and  some- 
times it  will  take  considerable  time,  similar  to  that  little  remnant 
of  magnetism  in  the  big  bar  of  iron.  If  we  plot  the  curves  in  the 
two  cases  we  would  find  them  similar,  which  shows  that  magnet- 
ism and  light  correspond  in  this  way.  Whereajs  we  know  that 
electricity  can  be  stored — I  understand  now  the  difference  which 
Prof.  Anthony  has  brought  out  between  potential  and  electro 
motive  force — I  mean  we  can  take  the  condenser  or  a  Leyden  jar 
and  store  up  electricitv  in  any  quantity,  so  to  speak,  and  keep  it 
there  for  a  considerable  time,  and  tlien  discharge  it  at  will.  We 
cannot  do  so  with  light  nor  with  magnetism,  and  yet  we  know 
that  all  these  are  really  one  and  the  same  thing  with  only  a 
difference  of  degree. 

Dr.  Pupin  :— 1  would  like  to  ask  Prof.  Anthony  to  define  the 
term  electromotive  force. 

Prof.  Anthony: — It  is  one  of  the  most  difficult  things  in  the 
world  to  give  the  definition,  and  I  never  pretended  to  any 
ability  at  giving  definitions.  We  all  know  that  in  a  battery 
there  is  something  that  develops  an  activity.  We  know  that  the 
conductor  gets  wann.  We  know  that  around  the  conductor  there 
are  what  we  call  magnetic  forces,  and  I  believe  that  there  is  an 
activity  set  up  in  the  whole  space  aroun<l  it.  Now,  whatever 
there  is  inside  of  the  battery  that  gets  uj)  this  agitation  I  call 
electromotive  force,  ^^urthe^nore,  we  know  that  if  we  take  a 
wire  and  move  it  across  the  magnetic  lines  of  force  there  exists 
something  which,  if  that  wire  formed  a  closed  circuit,  will  pro- 
duce what  we  call  a  flow  of  electricity.  We  know  it  is  full  of 
electricity,  l)ecause,  under  proper  conditions  the  wire  will  get 
warm,  because  also,  there  are  magnetic  effects  developed  by  it. 
There  is  something  takes  })lace — an  agitation  is  set  up  in  that  wire, 
and  I  consider  that  something,  I  do  not  pretend  to  define  it  or  to 
know  what  it  is,  but  there  is  something  there  in  consequence  of 
the  movement  of  that  wire  across  these  magnetic  lines  of  force 
that  constitutes  what  we  call  electromotive  force.  It  is  s(miething, 
to  use  the  language  of  electrical  theory,  that  puts  electricitv  in 
motion,  and  that  is  the  action  I  referred  to  in  the  paper  in  which 
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we  may  have  electricity  in  motion  in  a  conductor  without  any 
difference  of  potential.  •  Suppose,  for  instance,  I  have  a  perfect 
circle  formed  of  wire,  and  then  I  take  a  magnet,  and  suppose  I 
thriwt  the  north  pole  of  tlie  magnet  perpendicularly  into  tne  very 
C3ntre  of  that  circle.  We  know  that  lines  of  force  cut  that  circle 
all  around  in  every  part,  and  when  that  magnet  is  thrust  through 
there  we  know  that  whatever  there  is  that  constitutes  a  magnetic 
field  acts  in  some  wav  to  set  up  this*  current  and  acts  in  every 
part  of  the  wire  so  tnat  there  is  a  current  set  up  without  there 
being  any  difference  of  potential  in  any  place. 

Dr  Pupix: — How  would  you  measure  the  heat  produced  in 
wire  i     Is  that  subject  to  Joule's  law  i 

Prof.  Anthony  : — I  should  say  so,  certainly. 

Dr  Pupin  : — It  is  equal  to  the  electromotive  force  multiplied 
by  the  current.  What  is  the  electromotive  force?  It  is  that 
which  we  define  mechanically  in  absolute  measures. 


Fig.  3. 

Prof.  Anthony  : — It  is  whatever  sets  that  current  in  motion 
around  tUere. 

Dr.  Pupin  : — Yes,  but  we  know  it,  we  can  define  it  in  terms  of 
time,  mass  and  length.     It  is  perfectly'  definable. 

Prof.  Anthony  : — It  is  measured  m  the  same  terms  as  differ- 
ence of  potential,  of  course. 

Dr.  Pupin: — It  must  be  the  same. 

Prof.  Anthony: — I  do  not  think  so  anv  more  than  in 
difference  of  level  We  measure  difference  of  pressure,  for  in- 
stance, by  difference  of  level  in  the  case  of  water.  To  illustrate 
it — here  I  have  a  U  tube  with  a  pump  in  it  The  water  is  at  the 
same  level  in  both  branches.  I  now  set  the  pump  turning  and 
the  water  falls  in  this  side  and  goes  up  in  the  other.  That  differ- 
ence of  level  wilf  measure  the  difference  of  pressure,  but  that 
pressure  was  produced  bv  turning  the  handle  on  this  pump.  Now 
the  turning  of  the  handle  I  call  the  water-moving  force.  This 
constitutes  a  difference  of  potential,  a  difference  of  gravity 
potential  which  opposes  my  turning  of  the  handle.   (See  Fig.  3.) 
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Dr.  Pupin  : — Therefore  the  work  done  measures  tlie  difference 
of  level. 

Prof.  Anthony  : — It  may  be  measured  by  the  difference  of 
level. 

Dr.  Pupin  : — But  the  work  done  measures  the  difference.  The 
electromotive  force  is  not  a  force  at  all  in  the  usual  sense  of  the 
word.  It  is  the  work  done  to  make  the  difference  of  potential 
and  that  is  what  the  difference  of  potential  is — the  work  done. 

Prof.  Anthony  :— Suppose  that  we  do  not  produce  anv 
difference  of  potential,  as  in  the  case  of  the  circle  of  wire  with 
the  ma^et  thrust  into  it. 
J  Dr.  Pupin  : — But  we  do.  That  is  a  well-known  problem. 
-;Prof.  Anthony  : — The  difference  of  potential  is  equal  to  the 
work  done.  I  may  just  as  well  say  substitute  for  each  element 
in  that  wire  an  iniinitelv  small  Daniell  element  all  around. 
Of  course  that  is  practically  impossible,  but  let  us  suppose  so. 
We  can  place  infinitely  small  Daniell  elements,  connecting  them 
together  around  the  circle  so  that  they  will  form  a  closed  circuit, 
where  is  the  difference  of  potential  there  ?  If  you  have  them  in- 
finitely small  so  that  each  Daniell  element  acts  on  each  element 
of  the  wire  then  I  should  say  there  was  no  difference  of  potential 
from  one  end  to  the  other,  and  we  have  the  electromotive  force 
of  the  Daniell  element  producing  the  result  entirely  and  nothing 
else. 

Dr.  Pupin  : — There  is  a  difference  of  potential  between  each 
two  poles  in  every  one  of  those  infinitely  small  cells.  So  I  may 
say  between  the  ends  of  each  one  of  the  infinitely  small  elements 
01  the  wire  there  is  a  difference  of  potential  and  these  being  con- 
nected in  series  the  current  runs  around  them. 

Prof.  Anthony  : — Let  us  take  it  in  another  way.  Suppose 
there  is  a  circular  tube  containing  a  gas  or  liquid,  whichever  you 
please.  Now,  can  we  not  conceive  of  such  a  thing  as  something 
acting  simultaneously  upon  every  single  element,  no  matter  how 
many  you  consider  there  may  be  of  them,  so  that  every  one  of 
those  elements  will  move  forward  at  the  same  instant,  and  that 
there  is  no  difference  of  pressure  anywhere  in  that  case.  Now, 
difference  of  pressure  is  what  I  consider  as  equivalent  to  differ- 
ence of  potential.  In  other  words  what  we  call  difference  of  poten- 
tial electrically  is  due  to  a  disturbed  electrical  distribution  and  until 
you  have  a  disturbed  electrical  distribution  there  is  no  difference 
of  potential.  Now,  in  this  wire  where  we  have  a  perfect  circle 
ana  thrust  into  it  the  magnetic  pole,  we  act  on  every  element  of 
that  wire  simultaneously,  there  is  no  disturbed  condition  of  poten- 
tial, and  after  you  have  stopped  the  magnetic  pole  you  can  con- 
ceive that  your  electricity  has  been  shifted  around  through  the 
whole  of  it  without  there  being  a  disturbance  there — without  any 
difference  of  potential.  You  stop  the  movement  of  the  magnet — 
the  current  stops.  Your  electricity  does  not  fly  back  again.  But 
let  us  cut  that  wire  in  two  and  leave  an  opening  in  it.     Now 
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force  the  magnetic  pole  through  the  middle  and  you  tend  to 
make  a  motion  aronnd  it  in  the  game  way.  Electricity  is  heaped 
up  at  one  end,  making  pressure  therein  and  the  moment  your 
magnet  stops  the  electricity  flies  back  and  produces  a  current  the 
other  way. 

Mb.  Francis  B.  Crocker: — It  seems  to  me  that  Prof.  Anthony's 
last  illustration  will  give  us  a  solution  of  the  problem  and 
reconcile  both  sides  of  this  controversy.  He  assumes  that  the 
wire  circle  is  opened  at  a  certain  point,  and  if  you  thrust  in  a 
ma^et  you  get  at  that  point  the  total  difference  of  potential 
which  we  could  calculate  and  predict  from  known  electric  and 
magnetic  effects  Now  it  seems  to  me  that  when  the  circle  is  closed, 
you  get  that  difference  of  potential  spread  over  the  entire  con 
ductor  which  produces  the  current  through  that  resistance.  It  is 
heaped  up  at  the  point  of  opening  because  it  cannot  pass  that 
point,  there  bein^  no  conductor  there.  But  it  appears  to  me  that, 
if  we  close  the  circle  at  that  point  an<|  make  it  uniform  as  r^ards 
resistance,  the  potential  is  distributed  uniformly  around  the 
entire  circle.  But  even  when  distributed  in  that  way  it  produces 
the  same  effect  as  it  would  if  it  were  concentrated,  and  it  would 
seem  that  although  there  is  no  difference  of  potential  which  can  be 
detected  yet  the  same  total  difference  of  potential  really  exists 
throughout  the  circle.  In  other  wotds  the  integral  of  the  differ- 
ence of  potential  is  the  same  in  both  cases,  because  the  current  in 
the  circuit  and  the  Joule  effect  and  all  those  other  electrical 
phenomena  will  be  precisely  those  due  to  the  difference  of  pot- 
ential which  we  get  when  we  open  the  circuit.  Theoretically  the 
way  to  treat  such  a  case  istodineientjate — ^take  a  certain  element 
ani  treat  itliy  itself.  Taking  a  certain  element  there,  we  have 
a  certain  difference  of  potential,  a  certain  resistance  and  a  certain 
resulting  current;  Take  for  instance  that  circle  and  assume  it  for 
the  purpose  of  the  hypothesis  to  be  divided  into  a  thousand  equal 
portions.  Then  we  have  one  lOOOth  of  the  total  difference  of 
potential  and  one  lOOOth  of  the  resistance  in  each  element,  and 
therefore  we  have  the  same  current  as  with  a  thousand  times  tl^e 
electromotive  force  and  a  thousand  times  the  resistance.  This 
seems  to  me  to  be  merely  a  particular  case — an  electrical  parjidox. 

Mr.  Wolcott  : — Mr.  Crocker's  idea  of  the  circulation  of  cur- 
rent there  is  a  good  deal  like  the  relation  of  east  and  west  on  the 
fflobe.  We  can  have  a  point  west  of  New  York  and  by  goin^  in 
the  other  direction  it  will  be  east  of  New  York.  If  we  take  Mr. 
Crocker's  view  and  integrate  the  difference  of  potential  all  around 
the  ring,  when  we  get  back  to  the  starting  point,  that  point  has 
two  potentials,  and  so  it  must  be  It  is  like  any  other  cyclic 
region.  One  of  the  most  familiar  cases  of  that  is  the  magnetic*, 
potential.  In  an  infinitely  straight  conductor  the  potential  at 
any  point  has  an  infinite  number  of  values,  but  it  is  only  on  some 
such  conception  as  that,  that  you  can  consider  ther^  is  any  differ- 
ence of  potential.     Each  point  has  a  potential  different  from  itself. 
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That  is  by  going  around  until  you  come  back  to  the  same  point 
you  have  increased  the  potential,  by  the  cyclic  constants  of  the 
curve. 

Mr.  Kennelly  : — I  think  we  are  very  much  indebted  to  Prof. 
Anthony  for  having  called  attention  to  one  of  the  leading  mis- 
conceptions of  the  day.  There  is  a  constant  conflict  between 
difference  of  potential  and  electromotive  force,  and  I  think  noth- 
ing can  be  better  in  a  society  of  this  kind  than  to  settle  such  con- 
fusions. I  think  Prof  Anthony  has  given  Us  a  very  clear  solution 
in  this  way,  that  whatever  produces  a  current  is  electromotive 
force ;  that  electromotive  force  may  or  may  not  be  accompanied 
by  a  difference  of  potential.  We  do  not  recognize  potential  as 
we  recognize  current.  We  are  led  to  it 'by  a  series  of  abstrac- 
tions. Potential  was  introduced  on  a  purely  theoretical  and 
mathematical  basis.  The  potential  function  first  existed  in  gravita- 
tion. It  was  introduced  into  electricity  by  similarities  which 
exist  between  gravitation  laws  and  electncal  laws  in  their  mathe 
matical  form,  and  the  potential  is  something  which  dftuses  work 
to  be  done,  in  virtue  of  which  work  can  be  done.  The  potential 
is  measured  by  the  work  done  in  bringing  a  unit  of  electridty  to 
the  point  whose  potential  is  to  be  determined. 

Dr.  Pupin  : — 1  do  not  agree  with  the  last  speaker,  that  poten- 
tial is  a  mathematical  conception  any  more  tnan  I  would  agree 
with  him  that  work  is  a  mathematical  conception.  Who  wonld 
say  that  to  raise  a  barrel  of  flour  to  the  gallery  above  us  here  is  a 
mathematical  conception  ?  To  charge  a  conductor  with  a  certain 
amount  of  electricity,  we  must  do  a  certain  amount  of  work.  If 
we^  do  not  stick  to  this  term  work,  we  cannot  make  a  step  of 
progress,  because  we  cannot  use  the  principle  of  the  conservation 
of  energy.  Potential  is  not  a  mathematical  tjonception.  Potential 
is  as  concrete  as  the  fact  that  I  am  standing  here.  It  is  the' 
amount  of  work  done.  He  said  that  difference  of  potential  is 
something  which  causes  work  to  be  done,  and  a  little  while  before 
that,  he  said  that  electromotive  force  is  the  cause  of  the  electric 
current.  Now  these  two  thingb  seem  to  me  to  be  one  and  the 
same,  because  work  must  be  done  to  cause  the  current  to  flow  ;  but 
I  will  not  discuss  the  subject  any  more,  seeing  that  my  colleague 
has  expounded  my  idea  of  this  circular  conductor  in  a  very  nice 
and  masterly  way. 

The  Chairman  : — We  certainly  have  had  one  of  the  most  inter- 
esting evenings  in  the  history  of  the  Institute.  I  think  the  dis- 
cussion has  been  very  suggestive  in  many  ways. 

On  the  18th  of  February,  will  occur  the  next  meeting  of  the 
Institute,  when  a  paper  will  be  read  by  Mr.  William  Maver,  Jr. 
and  the  topic  will  be,  '*  The  Practical  Working  of  New  York's 
Electrical  Sub-ways.'"  You  may  expect  that  to  be  an  extremely 
interesting  paper,  full  of  surprises. 

Adjourned. 
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A  ftiptr  rtad  bt/ore  the 43d  meeting 0/  the  Ameri' 
c»n  Institute  of  Electrical  Engineers^  New 
Vork^  February  18^  iSqo^  and  discuttien  there- 
en.    Vice-President  T.  C  Martin  in  the  chair. 


THE  PRACTICAL  WORKING  OF  THE  ELECTRICAL 
SUBWAYS  OF  NEW  YORK  CITY. 


BT  WILLIAM  MAYBK,  JB. 


Knowing  very  well  the  widespread  interest  that  has  attended 
the  placing  of  wires  underground  in  New  York  City,  I  have 
been  glad  of  the  opportunity  to  gather  and  prepare  for  presenta- 
tion to  you  this  evening  such  data  and  information  relating  to 
that  subject  as  I  have  thought  would  be,  and  as  I  hope  may  be, 
found  of  the  most  value. 

I  observe  that  our  worthy  secretary  has  announced  me  in  the 
notice  of  the  meeting  as  the  electrician  of  the  Consolidated  Tele« 
graph  and  Electrical  Subway  Company,  and  quite  correctly  so- 
I  desire  to  say,  however,  perhaps  unnecessarily,  that  I  have  pre* 
pared  this  paper  in  my  unofficial  capacity,  and  am,  of  course, 
alone  responsible  for  what  may  be  contained  therein. 

The  customary  reply  to  an  inquiry  as  to  what  is  the  best  ar- 
rangement for  an  electrical  subway  is,  "  Build  a  tunnel  under  the 
streets  and  place  the  wires  on  the  walls  within  easy  access  of 
workmen  and  into  such  a  tunnel  put  also  the  gas  and  water 
mains,  etc." 

Assuming  that  this  would  be  a  satisfactory  solution  of  the 
underground  question  if  it  could  be  arranged,  let  us  consider 
what  the  cost  of  such  an  arrangement  would  be. 

It  has  been  estimated  that  a  subway  suitable  to  contain  all  the 
electric  wires,  gas  and  water  mains  of  New  York  City  would  cost 
$480,000  per  mile.  This  for  Broadway  alone,  from  Bowling 
Green  to  Central  Park,  would  mean  an  outlay  of  about  $2,150,000 
and  if  such  a  tunnel  were  to  be  built  throughout  the  entire  route 
of  the  now  existing  electrical  subways  of  New  York  City,  the 
bill  would  foot  up  to  nearly  $30,000,000. 
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This  amount,  it  will,  I  think,  be  generally  admitted,  is  virtually 
prohibitory  of  any  such  subway  at  present,  and  if  that  is  the  case 
the  fact  will  perhaps  make  those  who  have  had  preconceived 
ideas  in  favor  of  a  universal  tunnel  scheme  more  tolerant  of  the 
electrical  subways  we  have,  the  practical  working  of  which  I  am 
to  endeavor  to  describe  this  evening. 

When  the  first  whisperings  of  a  desire  on  the  part  of  the  public 
or  press  to  have  electric  wires  in  the  large  cities  go  underground 
were  heard  in  this  country,  it  will  be  remembered  the  telephone 
people  with  one  accord  admitted  that  it  would  be  quite  feasible 
for  the  telegraph  and  electric  light  people  to  operate  their  wires 
underground,  but  claimed  that  for  them  to  attempt  to  thus  oper- 
ate their  circuits  meant  irretrievable  ruin.  Equally  convinced 
also  were  the  telegraph  people  that  while  it  would  be  very  easy 
for  the  electric  light  companies  to  work  their  circuits  under- 
ground, it  was  quite  out  of  the  question  that  telegraph  wires 
could  be  operated  successfully  in  subways,  since  the  increaaed 
electro-static  and  electro-magnetic  effects  would  completely  de- 
stroy quadruples  and  fast  automatic  telegraphy.  And  no  less 
emphatic  was  the  opinion  of  the  high-tension  electric  light  people 
that  the  telegraph,  the  t/clephone  and  the  low-tension  electric  light 
systems  could,  if  required,  all  go  underground  without  detriment, 
but  it  was  utterly  impossible  for  them  to  do  so  and  at  the  same 
time  to  operate  their  circuits  successfully. 

New  York  City  was  no  exception  when  the  time  came  to  place 
the  wires  underground.  Gradually,  however,  the  telephone 
yielded — more  gradually  the  telegraph,  but  more  tenaciously  the 
majority  of  the  high-tension  people  clang  to  their  statements,  and 
the  experiences  of  the  cities  of  Chicago  and  Philadelphia,  espe- 
cially Philadelphia,  and  elsewhere  were  cited  as  evidence  of  tiie 
futility  of  any  attempt  to  operate  high-tension  currents  under- 
ground. These  experiences  were  held  to  show  that  no  insulation 
could  be  procured  which  would  withstand  the  pressure  of  the 
high  electromotive  force  employed  on  high-tension  circuits.  In 
addition  to  this  it  was  also  asserted  that  the  requirements  of  the 
Subway  Commission  regarding  the  insulation  resistance  of  the 
underground  conductors  was  high  beyond  all  precedent  and  un. 
obtainable  in  practice,  and  that  even  if  such  insulation  could  be 
obtained  it  would  be  impracticable  to  make  tests  of  the  con- 
ductors, showing  them  to  possess  the  insulation  resistance  re- 
quired by  the  rules. 
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It  is  very  far  from  my  intention  to  go  into  a  history  of  the  op- 
position offered  by  the  different  electrical  companies  to  placing 
their  wires  underground,  and  in-so-far  as  I  have  just  alluded  to 
it  I  have  done  so  for  the  purpose  of  quoting  in  a  general  way 
Borne  of  the  reasons  given  by  the  companies  for  this  opposition, 
and  this  only,  that  we  may  see  how  far  the  surmises  of  those  who 
were  thus  averse  to  placing  wires  underground  have  been  verified 
by  actual  results. 

It  is  told  of  a  certain  noted  geologist  that  when  a  specimen  of 
gold  quartz,  which  had  been  found  in  a  locality  where  he  had 
stated  no  gold  would  ever  be  found,  was  shown  him,  he  remarked 
that  if  it  really  had  been  found  there,  nevertheless  it  had  no  right 
to  be  there. 

I  can  imagine  that  there  are  many  persons — ^perhaps  not  in  this 
room — ^bnt  somewhere,  who,  if  told  that  the  telephone,  telegraph, 
high  and  low  tension  electric  light  circuits,  and  even  ^^deadly^' 
alternating  circuits,  are  to-night  in  this  city  working  successfully 
underground  in  the  same  streets  and  on  the  same  side  of  the 
streets,  would  reply,  "If  they  really  are  working  successfully 
there,  they  have  no  right  to  be." 

In  preparing  this  paper  I  have  found  that  the  subject  has 
almost  naturally  arranged  itself  under  the  following  general 
headings,  namely : 

The  type  of  conduits  used  in  the  subways. 

The  drawing  in  of  cables. 

The  methods  of  distribution. 

The  cables  employed  in  the  subways. 

Present  condition  atid  probable  duration  of  cables. 

Joints. 

Lead  covered  cables. 

Insulation  and  tests. 

Alleged  dangers  of  the  subways. 

Gkts  in  the  subways. 

General  remarks. 

I  have  been  unable  to  obtain,  with  any  degree  of  accuracy,  the 
extent  of  electrical  subways  or  the  amount  of  wire  placed  in  them 
in  the  cities  of  Europe,  and,  therefore,  I  cannot  say  definitely 
how  Kew  York  to-day  compares  with  such  cities  as  London, 
Paris  and  Berlin  in  that  respect.  But  I  incline  to  the  belief  that 
it  may  be  found  that  Kew  York  will  fall  but  little,  if  at  all,  be- 
hind those  cities.    In  New  York  City,  to-day,  there  are  78  miles 
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of  electrical  Bubways,  and  1,017  miles  of  ducts.  In  these  ducts 
there  are  10,906  miles  of  telephone  wire,  945  miles  of  telegraph 
wire,  including  fire  alarm  telegraph  wires,  and  457  miles  of  elec- 
tric light  wires.  These  subways  have  capacity  for  about  45,000 
miles  of  telephone  and  telegraph  wires  and  2,000  miles  of  electric 
light  wires. 

ooiirDiTrrs. 

There  are  in  the  New  York  electrical  subways  eight  diflferent 
conduit  systems — namely,  the  Dorsett,  the  Wyckoff,  zinc  tubing 
in  hydraulic  cement,  sheet  iron  cement-lined  pipe,  wrought-iron 
pipe  in  hydraulic  cement,  wroaght-iron  pipe  in  asphaltlc  concrete, 
the  Edison  iron  tube  and  the  Johnstone  sectional  cast-iron  con- 
duits. All  of  these  conduits  have  been  frequently  described  ;  I 
shall  therefore  just  briefly  refer  to  each. 

The  Dorsett  system  consists  of  blocks  formed  of  a  material  the 
ingredients  of  which  are  pitch,  coal  tar  and  fine  gravel.  The 
blocks  are  moulded,  with  tubular  openings  about  2^  inches  in 
diameter  from  end  to  end.  The  blocks  are  about  4  feet  long  and 
1  foot  cross  section.  These  blocks  are  placed  end  to  end  in  the 
trench,  and  are  joined  together  by  pouring  between  the  ends  a 
liquid  compound  of  pitch  and  tar,  which  speedily  hardens.  This 
compound  is  prevented  from  entering  the  ducts  by  sleeves,  which 
are  placed  in  each  duct  between  the  junction  of  every  two  blocks. 
There  is  about  one  mile  of  this  conduit,  containing  16  miles  of 
ducts,  on  Sixth  avenue.  It  is  used  for  telephone  and  telegraph 
conductors.  This  conduit  was  laid  three  years  ago.  So  far  as  I 
can  learn,  it  is  in  a  fair  state  of  preservation  to-day — ^but  not 
perfect;  the  blocks  having  in  some  instances  sunk,  and  thus  put 
the  ducts  out  of  alignment.  It  may  be  noted  here  that  guide 
ropes,  consisting  of  J-inch  tarred  hemp,  which  were  laid  in  these 
ducts  when  this  system  was  constructed,  to  be  in  readiness  when 
cables  were  to  be  drawn  in,  show  plainly  in  numerous  places 
signs  of  deterioration,  said  to  be  the  result  of  dry  rot,  combined 
with  the  gases  found  in  the  ducts. 

The  zinc  tube  conduits  are  laid  in  58th  street.  '  The  zinc  tubing 
was  intended  to  serve  simply  as  a  mould  around  which  hydraulic 
cement  concrete  was  to  be  placed,  with  the  expectation  that  when 
the  zinc  had  corroded,  the  tube  formed  by  the  solid  cement  would 
remain  intact.  About  one  mile  of  this  conduit  has  been  in  sue 
x^essf ul  operation  for  three  years,  but  the  difficulty  attending  tJie 
construction  of  a  conduit  formed. in  this  way  was  so  great,  owing 
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to  the  frailty  of  the  zinc  ttibe^  which  readily  gave  way  under 
moderate  pressure,  that  its-  ti^e  has  not  been  further  extended. 

The  sheet  iron  ceinent^lined  pipe  conduits  are  made  in  single 
or  multiple  tubes  of  2,  4,  6  or  more  ducts,  as  may  be  required 
and  in  lengths  of  8  feet.  The  tubes  are  connected  together  by  a  ball 
and  socket  joint.  These  conduits  arei  made  as  follows ;  a  sheet 
iron  tube  8  feet  in  length  is  held  vertically ;  inside  of  the  tube  is 
placed  a  smaller  brass  tube,  and  semi-liquid  cement  is  poured  into 
the  annular  space  between  the  brass  and  sheet  iron  tubes.  When 
the  cement  has  solidified  the  brass  tube  is  withdrawn.  The  cement 
tube  is  then  ready  for  the  subways.  There  are  about  113  miles  of 
ducts  of  this  conduit  in  the  subways,  and  during  the  coming 
summer  it  is  expected  many  times  this  amount  will  be  laid  in  New 
York  City. 

There  are  about  15  miles  of  creosoted  wooden  ducts  in  the  sub- 
ways known  as  the  Wyckoff  conduits.  These  ducts  are  formed  of 
wooden  piping  similar  to  ordinary  pump  logs.  There  are  lead- 
covered  telephone  cables  in  these  ducts,  and  the  action  of  the 
creosote  upon  the  lead  covering  is  being  carefully  watched.  These 
ducts  have  been  in  operation  for  three  years.  I  am  informed  that 
detrimental  effects  are  noticeable  in  the  lead  covering  of  the  cables, 
which  is  alloyed  with  3  per  cent,  of  tin. 

The  bulk  of  the  subway  conduits  consists  of  wrought-iron  pipe 
laid  in  hydraulic  cement  concrete.  These  pipes  are  20  feet  in 
length  and  vary  in  diameter  from  2  to  3  inches.  The  thickness  of 
the  iron  is  .217  inch. 

In  laying  all  of  these  pipe  conduitp,  the  bottom  of  the  trench 
is  first  levelled  to  grade ;  planks  are  then  set  against  the  side  of 
the  trench  to  sustain  it.  A  layer  of  concrete  is  then  laid  and  ram- 
med in  the  bottom  of  the  trench.  On"  this  is  placed  a  row  of 
iron  pipe,  next  a  layer  of  concrete,  then  another  row  of  pipe,  and 
80  on,  until  the  desired  number  of  layers  is  attained.  The  num- 
ber of  pipes  in  a  row  depends  upon  the  topography  of  the  street 
and  the  location  of  existing  gas  and  water  pipes  which  it  is  desired 
to  avoid,  and  the  number  of  rows  upon  the  total  number  of  pipes 
desired  to  be  laid  in  a  given  subway.  In  order  to  add  strength 
to  the  mass  and  to  protect  the  ducts  from  mechanical  injury,  the 
concrete  is  applied  more  thickly  on  the  bottom,  top  and  sides  of 
the  subway  than-  between  the  pipes.  There  is  placed  over  all  a 
two-inch  yellow  pine  planking,  heavily  creosoted,  to  further 
.protect  the  conduits  against  injury  from  picks,  crow  bars,  etc., 
in  the  event  of  future  excavations  in  the  streets.    (See  Fig.  l.|)e 
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The  wpought-iron  pipee  are  joined  end  to  end  by  a  coupling 
screw  joint  with  a  tapering  or  vanishing  thread.  By  the  use  of 
this  form  of  thread,  I  am  informed  the  rate  of  laying  this  piping 
is  increased  60  per  cent.  These  tubes  are  delivered  free  from 
burrs  and  have  a  smooth  inner  surface.  The  pipes  are  sometimes 
asphalted  to  prevent  rusting,  but  should  they  in  the  course  of 
time  rust,  it  is  expected,  as  in  the  case  of  the  zinc  tube,  that  the 
concrete  will  preserve  the  shape  of  the  duct  intact.  There  are 
close  upon  560  miles  of  wrought-iron  piping  in  the  subways. 


Fig.  1.    Iron  Pipb  and  Cement  Conduit. 

The  facility  with  which  a  pipe  conduit  conforms  to  the  varying 
condition  of  the  crowded  streets  of  large  cities,  as  found  in  the 
process  of  trenching,  is  one  of  its  chief  advantages. 

The  main  reasons  which  have  led  to  the  extensive  use  of 
wrought-iron  piping  in  the  subways  are  its  great  strength,  its 
adaptability  to  varying  conditions  of  the  street  and  the  rapidity 
with  which  it  can  be  laid. 

The  Edison  system  consists  of  wrought-iron  pipe  in  which  are 
placed  the  copper  conductors  or  rods.  These  conductors  are 
wound  with  rope  and  the  pipe  is  filled  with  an  insulating  com- 
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pound  of  Trinidad  asphaltnm^  rosin,  paraffin  and  linseed  oil. 
These  iron  pipes  are  laid  directly  in  the  earth.  There  are  about 
60  miles  of  this  pipe  now  laid  in  New  York  City. 

The  subways  are  in  many  cases  on  both  sides  of  a  street,  and, 
as  a  rale,  the  telegraph  and  telephone  wires  are  assigned  to  ducts 
on  one  side  of  the  street,  and  the  electric  light  wires  to  ducts  on 
the  opposite  side ;  but  in  numerous  instances  the  electric  light 
wires  are  operated  in  distributing  ducts  on  the  same  side  of  the 
street  as  the  telegraph  and  telephone  wires,  and  without  detri- 
ment to  the  latter.  In  no  case,  however,  do  the  telegraph  and 
telephone  ducts  inter-communicate  with  the  electric  light  ducts, 
and  separate  manholes  are  provided  for  each. 

MANHOLES. 

Access  is  to  be  had  to  the  conduits  of  the  New  York  subways 
by  means  of  manholes,  placed  at  an  average  distance  of  about 
one-twenty-fifth  of  a  mile  apart.  The  manholes  are,  with  a  few 
exceptions,  built  of  brick  laid  in  concrete  cement,  with  hydraulic 
concrete  bottom.  The  outside  of  the  walls  is  coated  with  cement, 
to  prevent  moisture  and  gas  from  penetrating. 

Access  to  the  manholes  from  the  street  is  had  through  the  cast- 
iron  head  which  is  set  on  the  brickwork  and  which  is  provided 
with  double  covers.  The  upper  or  street  cover  weighs  about  350 
pounds.  The  lower  cover  is  provided  with  a  rubber  gasket  to 
prevent  ingress  of  street  water  into  the  manhole.  This  cover  is 
funnel  shaped  in  order  that  any  water  which  may  enter  through 
the  upper  cover  may  be  drained  away  from  the  gasket.  The 
lower  cover  is  screwed  down  upon  the  gasket  by  a  gun  metal 
bolt  and  cross  bar.  The  upper  cover  is  loose  upon  its  bearings. 
The  ducts  enter  the  manholes  at  a  point  easily  accessible  to  the 
workmen  while  standing  on  the  bottom  of  the  manhole.  The 
manholes  average  in  width  about  five  feet  and  vary  from  five  to 
ten  feet  in  depth.  The  drawing.  Fig  2,  shows  a  standard  man- 
hole of  the  New  York  subways.  The  hand  blower  used  for 
driving  out  gas  from  the  manholes  is  shown,  also  the  iron  frame- 
work or  cage  which  is  placed  around  the  opening  to  the  manholes 
when  the  cover  is  removed. 

The  foregoing  mentioned  conduits  may  be  considered  as  be- 
longing to  the  regular  subway  system  of  New  York  City. 

There  are,  however,  several  other  conduits  in  operation  in  this 
city,  namely,  the  Brooks,  the  Western  Union,  and  about  five 
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miles  of  telephone  cable  laid  in>^wooden  boxes  filled  with  sand. 
The  Brooks  system  has  been  sojrepeatedlj  described  I  need  not 
further  allude  to  it.  The  Western  Union  subway  consists  of  an 
iron  pipe  about  six^i^ches  in  diameter^into  which  wires  have 
been  drawn. 


Fig.  2.    Standabd  Manhole. 

SODDING. 

The  electrical  subways  of  New  York  City,  with  the  exception 
of  the  Edison  system,  are  of  the  class  known  as  the  drawing  in 
and  oat  systems.  The  first  process  in  drawing  a  cable  through  a 
duct  which  is  not  easily  accessible  except  at  its  ends  in  the  man- 
holes is  obviously  to  provide  a  means  of  drawing  in  the  cable. 
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This  is  done  by  a  process  technically  termed  redding,  which  con- 
sists of  pushing  rods  through  the  duct  from  one  manhole  to  the 
next.  A  rope  is  then  attitched  to  the  end  of  the  rod  and  the  rod 
is  withdrawn  bringing  the  rope  with  it.  This  rope  is  then  em^ 
ployed  to  haul  in  the  cable.  As  some  of  the  manholes  are  over 
500  feet  apart,  and  it  would  not  be  convenient  to  procure  a  con- 
tinuous  wooden  rod  of  that  length,  rods  of  about  four  feet  in 
length,  furnished  at  one  end  with  a  screw  and  af  the  other  end 
with  a  screw  socket,  are  used.  These  are  placed  in  a  bunch  in 
the  manhole  and  are  attached  by  the  screws  one  to  the  other,  as 
many  as  are  required  to  reach  to  the  distant  end  of  the  duct. 
The  rods  are  then  detached,  as  they  are  drawn  out,  by  unscrew- 
ing the  ends.  This  is  a  specimen  of  this  form  of  rod.  (Show- 
ing.) It  is  the  one  most  generally  used.  There  are  other  forms 
of  rod  also  in  use  in  the  subways.  This  (showing)  is  one  of 
them.  It  is  furnished  with  a  slot  into  which  the  T  end  fits,  but 
into  or  out  of  which  it  can  only  go  at  a  certain  limited  angle. 
Therefore,  while  this  joint  or  connection  is  quite  loose,  there  is 
no  likelihood  of  the  rods  coming  apart  in  the  duct  because  the 
diameter  of  the  ducts  does  not  permit  a  sufficient  movement  of 
the  rod  at  the  joints.  The  time  taken  in  redding  a  duct  800  feet 
in  length  is  about  20  minutes. 

A  continuous  steel  wire  rod  about  one-quarter  of  an  inch  thick 
and  from  400  to  500  feet  long  is  also  used  for  redding  the  ducts. 
This  rod  is  mounted  on  a  reel  about  6  feet  in  diameter,  which 
is  placed  adjacent  to  a  manhole,  and  from  which  it  is  reeled  off 
as  it  is  pushed  through  the  duct.  When  this  operates  freely,  it 
is  more  expeditious  than  the  wooden  rod  methods  just  described, 
as  the  time  taken  in  jointing  up  the  rods  is  saved;  but  it  is  found 
that  the  wire  occasionally  buckles  in  the  duct,  and,  furthermore, 
it  is  more  apt  to  be  caught  by  any  obstruction  or  unevenness, 
than  are  the  wooden  rods,  so  that  by  many  the  latter  are  employed 
as  being  the  more  expeditious,  all  things  considered. 

There  is  also  another  means  of  redding  sometimes  employed, 
which  consists  of  a  long  spiral  steel  rod,  the  spiral  of  which  is 
about  one  inch  in  diameter.  On  the  circumference  of  the  spiral 
small  wheels  are  mounted  to  ease  the  friction.  This  rod  is  also 
placed  on  a  reel  and  wound  off  as  it  is  fed  into  the  duct.  This 
spiral,  while  quite  elastic,  is  yet  capable  of  withstanding  consider- 
able pressure.  This  rod  is  pushed  into  the  duct  in  the  usual  way. 
The  expense  and  the  weight  of  this  form  of  "rodder"  is  some- 
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what  againBt  it,  although  I  am  informed  that  by  its  use  a  duct 
can  be  rodded  in  one  half  the  time  required  by  the  screw  rods. 

Before  those  employed  in  the  work  of  drawing  conductors 
into  subways  had  devised  and  settled  down  to  the  forms  of  rods 
just  described,  many  bright  minds  were  at  work  on  the  question 
of  how  to  rod  the  ducts.  The  scheme  of  tying  a  string  to  a  rat's 
tail  and  sending  him  through  the  duct  with  a  ferret  after  him 
was  tested  practically  in  Brooklyn,  I  believe,  but  the  plan  was  not 
generally  adopted.  In  the  case  cited,  it  is  stated  that  the  ferret 
overtook  the  rat,  and  stopping  to  eat  him,  was  overcome  by  the 
gas  and  asphyxiated.  This  necessitated  the  tearing  up  of  the 
street  to  get  at  the  remains. 

In  Chicago,  it  was  seriously  suggested  that  a  wooden  ball  with 
a  string  attached  to  it  be  placed  in  the  duct,  and  that  then  a  hose 
connecting  with  a  neighboring  hydrant  be  inserted  in  the  duct. 
The  water  was  to  force  the  ball  through  the  duct.  This  plan  was 
found  to  work  successfully  so  far  as  getting  the  ball  through  was 
concerned,  but  it  flooded  the  manholes,  and  was  not  put  into 
general  use,  even  in  Chicago. 

Another  inventor  devised  what  he  called  a  mechanical  creeper, 
which  was  designed  to  advance  itself  through  the  ducts  by  put- 
ting out  arms  against  the  walls  and  thus  pushing  itself  along. 

Sometimes,  in  redding,  obstructions  are  met  with,  caused  by 
pieces  of  cement,  stone,  dirt,  etc.,  gaining  access  to  the  ducts. 
Sometimes,  also,  obstructions  are  caused  by  uneven  joints  in  the 
conduits.  Ordinary  obstructions  are  removed  by  a  mandrel 
placed  on  the  first  rod. 

DRAWING    IN   CABLES. 

After  the  rope  has  been  attached  to  the  cable,  the  latter  is  then 
"  threaded "  through  the  duct.  The  attaching  of  the  rope  to  a 
cable  is  a  matter  of  some  skill.  The  connection  is  so  made  tliat 
the  strain  comes  chiefly  on  the  conductors.  To  prevent  the  cable 
or  cables  from  twisting  as  drawn  in,  a  swivel  is  inserted  in  the 
rope  near  the  cable. 

The  manner  of  applying  the  force  necessary  to  pulJ  the  cable 
through  the  duct  depends  upon  the  size  and  length  of  the  cable. 
If  it  is  a  small  cable,  say  300  feet  in  length,  it  can  be  drawn  in 
by  two  or  three  men.  If  it  is  a  large  cible,  or  if  four  or  six  small 
cables  are  to  be  drawn  into  one  duct,  as  is  frequently  done,  more 
elaborate  drawing-in  apparatus  is  used.  This  generally  consists 
of  some  form  of  winch,  such  as  is  shown  in  Fig.  3,  wJiich  very 
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well  illustratefi  the  method.  The  largest  telephone  cables  are 
drawn  in  by  a  winch  of  special  construction,  in  which  the  power 
is  transmitted  through  the  intervention  of  wheel  gearing.  As  a 
rule,  it  may  be  said  that  in  the  matter  of  drawing  cables  into  th^ 
ducts  the  work  has  been  satisfactorily  performed.  In  a  few  in- 
stances mistakes  have  been  made,  as  in  the  attempt  to  draw  too 
many  cables  into  one  duct— the  old  problem  of  putting  a  3-inch 
bung  into  a  .2-inch  hole — and  in  the  attempt  several  lengths  of 
cable  have  been  jammed  in  the  ducts  and  injured. 

As  many  as  six  electric  light  cables,  No.  4  B.  &  S.  conductor, 
have  been  repeatedly  drawn  at  once  into  a  3-inch  duct 

It  is  not  deemed  advisable  to  draw  cables  into  or  out  of  ducts 
over  cables  already  laid,  but  in  cases  of  necessity  it  has  been  done 
without  injury  to  the  cables. 

As  the  weight  of  a  No.  4  B.  &  S.  lead  covered  cable,  is  for  300 
feet,  say  250  pounds,  an  idea  may  be  obtained  of  the  force  re- 
quired to  draw  in  six  such  cables.  I  am  informed  that  cables 
weighing  in  the  aggregate  5,510  pounds  have  been  drawn  at  one 
time  into  one  duct. 

HiriHODS   OF   DISTRIBUTION. 

It  is,  of  course,  a  comparatively  easy  problem  to  arrange  an 
electrical  subway  for  trunk  line  circuits.  The  diflSculty  arises 
when  the  question  of  distribution  of  the  current  from  the  main 
conduits  is  to  be  Considered,  as  when,  in  the  case  of  the  telegraph 
and  telephone  service,  it  is  desired  to  furnish  customers  with 
circuits,  and  in  the  case  of  electric  light  service  when  it  is  re- 
quired to  make  house  to  house  or  street  lamp  connection. 

In  the  case  of  telegraph  and  telephone  distribution  subsidiary 
pipes  or  ducts  are  generally  led  from  an  adjacent  manhole  to  the 
front  or  side  of  buildings,  whence  the  cables  are  continued  to  the 
roof  of  the  building  or  to  the  back  yards,  from  which  latter  points 
the  circuits  are  radiated  as  required. 

The  cable  of  the  telephone  company  is  generally  made  up  into 
50  pairs  When  this  number  of  circuits  is  not  needed  in  one 
block  or  series  of  blocks,  the  cable  is  forked  in  the  manhole,  one 
portion  of  the  conductors  being  led  in  a  smaller  cable  in  one  di- 
rection, another  portion  elsewhere,  as  may  be  required.  This 
method  of  distribution  has  been  found  convenient  and  satisfactory. 

Distribution  of  the  electric  light  current  is  effected  in  several 
different  ways  in  the  New  York  subways.    For  street  arc  lamps 
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the  circuit  is  usually  looped  from  the  manhole  to  the  lamp  post 
through  a  subsidiary  iron  pipe. 

For  easy  access  to  houses  and  to  lamps  in  the  middle  of  blocks 
distribating  ducts  are  laid  above  the  trunk  ducts  as  near  the  sur- 
face of  the  street  as  practicable.  The  average  distance  from  the 
surface  of  the  street  being  perhaps  18  inches. 

The  Johnstone  sectional  conduit,  Fig.  4,  has  hitherto  been  the 


Fig.  4.    Jounstona  Sectional  Conduit. 

most  extensively  employed  for  this  purpose  in  New  York  City. 
This  conduit  consists  of  sections  of  cast-iron  ducts  about  5  feet 
in  length.  The  sections  are  placed  directly  above  each  other  and 
are-  held  together  when  in  position  by  removable  clamp  pins. 
The  upper  section  rests  in  a  groove  in  the*  lower  section.  Each 
section  of  the  conduit  is  divided  into  from  two  to  six  or  more 
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compartments  or  ducts— depending  upon  the  size  of  the  section 
— the  dnots  being  formed  by  removable  partitions  or  slats  held 
in  position  by  suitable  channels  or  grooves  within  the  sections. 
Opposite  each  house  or  every  alternate  house  a  "  handhole  "  is  pro- 
vided in  the  upper  section  of  the  conduit.  This  handhole  con- 
sists of  a  removable  cover,  about  2  feet  in  length,  on  the  upper 
section,  and  the  side  of  the  section  at  this  point  is  provided  with 
a  branch  or  spigot. 

This  conduit  is  laid  directly  in  the  earth — ^not  in  cement. 
When  it  is  desired  to  obtain  access  to  a  conductor  to  tap  or  loop 
the  circuit  into  a  building,  the  paving  and  earth  are  removed 
from  the  street  and  the  cover  of  the  handhole  is  lifted,  thus  ex- 
posing the  conductors  in  the  ducts.  A  3-inch  iron  pipe  is  run 
from  the  branch  at  the  handhole  to  the  basement  or  vault  of  the 
house  or  to  the  lamp  post  with  which  connection  is  desired  to  be 
made.  This  iron  pipe  fits  onto  the  spigot  at  the  side  of  the 
conduit.  The  connection  is  then  made  with  the  conductors  by 
splicing  on  short  lengths  of  cable  leading  through  the  iron  pipe 
to  the  house  or  lamp.  Should  the  conductor  which  it  is  desired 
to  tap  be  at  the  side  of  the  section  remote  from  the  spigot,  the 
intermediate  partitions  are  removed  to  permit  the  passage  cross- 
wise of  the  connecting  cable.  After  the  joints  are  made,  the 
cover  of  the  handhole  is  replaced  and  the  earth  and  paving  are 
restored  to  their  normal  condition. 

When  a  handhole  has  not  been  provided  originally  at  a  point 
where  access  is  desired  to  a  conductor  in  the  conduit,  the  entire 
upper  section  is  removed  and  replaced  by  a  half  section  contain- 
ing a  handhole  cover  and  spigot.  This  work  can  be  done  in  a 
short  time.  The  sections  in  use  for  this  purpose  are,  in  some 
instances,  somewhat  small  for  ease  in  joint  making,  especially,  as 
but  very  little  slack  is  available  when  T  joints  are  to  be  made, 
and,  in  future,  larger  handholes  will  be  provided.  These  con- 
duits are  presumably  made  air  and  water  tight  at  the  junction  of 
the  two  sections  and,  at  the  ends  of  the  ducts,  by  the  use  of 
plumbers'  putty.  In  view  of  the  number  of  supposed  oppor- 
tunities for  the  entrance  of  moisture  at  these  junctions,  it  would 
be  naturally  expected  that  this  type  of  conduit  would  be  in  a 
chronic  moist  condition.  Indeed  it  has  been  predicted  of  it  that 
the  ducts  would  act  as  canals  for  the  surface  water ;  but,  as  a 
matter  of  fact,  these  ducts  are  almost  invariably  dry.  There  are  two 
theories  given  to  explain  this  fact.    The  first,  that  in  reality  the 
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plumbers'  putty  makee  an  air  and  water  tight  joint.  The  second, 
that  if  the  joints  are  so  imperfect  as  to  admit  water,  they  are 
quite  capable  of  permitting  its  escape  also.  It  must  be  said  that 
this  system  has  been  found  of  much  utility  in  the  practical  dis- 
tribution of  electric  light  current  in  this  city. 

More  recently  a  method  of  distribution  in  which  wrought-iron 
pipes  are  used  has  been  employed.  This  consists  of  a  row  of 
three  or  four  iron  pipes  laid,  like  the  Johnstone  conduit,  as  near 
the  surface  as  possible — in  the  earth,  without  concrete.  Opposite 
every  party  wall,  or,  in  other  words,  at  distances  of  about  50  feet 
apart,  iron  boxes  about  18  inches  square  are  placed.  These 
boxes  have  removable  covers.  The  ducts  enter  at  the  ends  of 
the  box  but  do  not  pass  through  it  The  boxes  are  provided 
with  side  openings  also  for  the  entrance  of  the  subsidiary  iron 
pipes.  Access  is  had  to  these  boxes  also  by  the  removal  of  the 
street  paving  and  earth. 

This  method  of  distribution  has,  like  the  one  jnst  described, 
been  found  satisfactory.  Certain  mechanical  improvements  in 
the  construction  of  both  are,  however,  desirable,  and  are  con- 
templated.   (See  Fig.  5.) 

When  it  is  desired  to  cross  a  street  to  reach  customers  subsi- 
diary ducts  are  constructed. 

It  is  frequently  remarked,  presumably  derogatory  of  the 
existing  electrical  subways,  that  no  system  of  house  to  house  dis- 
tribution can  be  considered  perfect  which  requires  the  tearing  up 
of  any  portion  of  the  street  to  obtain  access  to  the  mains.  This 
will  be  granted  by  any  one.  The  same  is  equally  true  of  the 
house  to  house  distribntion  of  gas  and  water  from  the  street 
mains.  In  all  of  these  cases,  if  the  connections  were  made  from 
the  street  mains  to  every  house  and  vacant  lot  along  their  routes 
when  the  mains  are  first  laid,  the  necessity  for  reopening  the 
streets  to  make  house  connections  would  be  avoided.  But  I  have 
yet  to  learn  that  this  is  done  by  either  the  gas  or  water  com- 
panies, nor  have  1  heard  that  their  neglect  to  do  so  has  been 
seriously  animadverted  upon. 

It  would,  therefore,  seem  unreasonable  that  the  additional  ex- 
pense of  making  these  connections,  which  may  never  be  required, 
should  be  urged  upon  the  users  of  the  subways  by  any  who  have 
the  interest  of  electrical  industries  at  heart,  especially  while  they 
ignore  the  failure  of  the  gas  and  water  companies  to  make  corre- 
sponding connections. 
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THE  CABLES  EMPLOYED  IN  THE  BUBWATS. 

In  the  telephone  service  in  this  city,  the  cables  nsed  are  chiefly 
of  the  type  known  as  the  Patterson.  This  cable  is  constructed  as 
follows:  Ordinary  cotton  covering  is  first  placed  around  the 
wires.     After  the  wires  are  cabled,  a  lead  covering  is  placed  over 


them,  and  paraflin  is  then  forced  into  the  interstices  between 
the  conductors  and  lead  covering. 

•  This  cable  has  an  electro-static  capacity  of  about  0.16  micro- 
farad. The  insulation  resistance  of  the  cable,  laid  and  jointed  in 
the  subways,  averages  about  100  megohms.     The  longest  stretch 
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of  cable  used  by  the  telephone  company  in  the  subways  is  seven 
miles.  The  greatest  number  of  conductors  in  any  one  cable  is 
100  or  50  pairs. 

The  telephone  service  on  the  underground  conduits  was  im- 
paired somewhat,  so  long  as  ground  circuits  were  used,  but  since 
the  adoption  of  metallic  curcuits  the  service  is  satisfactory.  On 
the  long  distance  telephone  circuits  the  seven  miles  of  cable  is,  of 
course,  somewhat  detrimental.  It  is  said  the  loss  of  efficiency  on 
such  circuits  is  30  per  cent. 

The  telegraph  companies  have  thus  far  used  chiefly  for  under- 
ground service  Kerite,  Okonite,  Standard  Underground  and 
Patterson  cables.  The  Kerite  and  Okonite  insulation,  it  is  mcU 
known,  are  homogeneous  compounds.  These  cables  are  not  lead 
covered.  Of  course  they  could  be.  The  Standard  ajid  Patterson 
are  fibrous  cables  and  are  lead  covered. 

Except  in  the  vicinity  of  the  underground  steam  pipes,  the  un- 
protected homogeneous  cables  have  given  satisfaction.  But  as 
might  be  expected,  the  effect  of  a  continued  high  temperature 
upon  them  has  been  detrimental. 

Fortunately  the  heated  area  in  the  vicinity  of  the  electrical 
subways  is  limited  to  a  portion  of  the  down-town  districts.  In- 
vestigation has  shown  that  the  heat  only  reaches  a  harmful  tem- 
perature in  the  neighborhood  of  actual  leaks  in  the  steam  pipes. 
Measurements  of  the  temperature  of  a  manhole  in  the  worst  sec- 
tion of  the  heated  district  have  shown  as  high  as  150  deg.  to  20O 
deg.  F.  Since  the  starting  of  the  blowers  in  this  district  to  ven- 
tilate the  subways,  a  noticeable  decrease  in  the  temperature  is 
observable,  and,  inasmuch  as  the  steam  heating  company  is 
achieving  some  success  in  its  efforts  to  close  up  aU  leaks  in  the 
pipes,  it  is  anticipated  that  the  heat  difficulty  will  be  eventually 
removed  from  the  subways. 

The  users  of  the  Standard  and  Patterson  cables  state  that  those 
cables  are  giving  very  fair  service  in  the  heated  portions  of  the 
subways,  although  the  high  temperature,  of  course,  very  ma- 
terially lowers  the  insulation  resistance  of  the  cables. 

The  average  number  of  conductors  in  the  telegraph  under- 
ground cables  is  about  50.  The  size  of  the  wire  used  is,  as  a  rule, 
No.  16  B.  W.  G.  and  the  outside  diameter  of  a  conductor,  includ- 
ing the  insulation,  is  6-32  of  an  inch.  The  insulation  resistance 
of  the  Okonite  insulation  is  about  2,500  megohms ;  that  of  Kerite 
500  to  800  megohms  and  that  of  the  Standard  and  Patterson 
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about  1,500  megohms  per  mile  for  the  thickness  of  insnlation 
just  mentioned. 

Outside  of  the  injury  to  the  cables  due  to  the  presence  of  the 
steam-heating  pipes,  no  undue  deterioration  of  the  telegraph  cables 
in  the  subways  has  been  noted. 

The  increased  electro-static  capacity  of  the  underground  cir- 
cuits has  not  caused  any  marked  inconvenience  in  the  operation 
of  the  telegraph  circuits. 

The  comparatively  low  mileage  of  telegraph  wire  in  the  sub- 
ways is  partly  explained  by  the  fact  that  the  bulk  of  the  telegraph 
circuits  in  New  York  City  are  suspended  from  the  Elevated 
Railroad  structures. 

The  Fire  Alarm  Telegraph  cables  in -the  subways  do  not  differ 
very  materially  from  those  used  by  other  telegraph  companies. 
The  Fire  Department  thus  far  has  used  Standard  Underground 
cables. 

ELECTRIC    LIGHT   CABLES    IN   SUBWAYS. 

In  the  electric  light  service  in  the  subways,  and  I  am  aware 
that  it  is  around  this  that  the  greatest  interest  centres,  there  are, 
exclusive  of  the  Edison,  four  diflEerent  tvpes  of  cable  used — 
namely,  the  Bishop  Rubber  Compound,  the  Standard  Under- 
ground, the  Safety  Insulated  and  the  Cobb  Vulcanite  Paraffine 
cable.  All  of  these  cables  are  lead  covered  as  a  precaution  against 
mechanical  injury,  action  of  acids,  etc.,  or  moisture.  Specimens 
of  these  cables  are  on  the  table. 

The  sizes  of  conductors  used  in  the  electric  light  service  vary 
with  every  company  and  with  the  character  of  the  service.  For 
feeders  the  conductors  range  in  size  from  No.  000000  B.  ife  S.  to 
No.  2  B.  &  S.  For  mains  from  No.  2  to  No.  6  B.  &  S.  In  many 
instances  No.  10  B.  &  S.  is  used  for  connecting  from  the  mains 
to  lamps  through  the  subsidiary  ducts. 

The  Standard  Underground  Cable. — The  insulation  of  the 
Standard  Underground  cable  is  obtained  by  first  wrapping  thick 
cotton  thread  or  cord  around  the  wire  to  any  desired  thickness. 
The  wire  thus  covered  is  then  placed  in  a  cauldron  of  boiling 
insulating  .compound — ^a  product  of  petroleum.  This  treatment 
displaces  any  moisture  that  may  be  in  the  cotton  thread.  After 
the  cotton  has  been  thoroughly  saturated  with  the  compound  the 
whole  is  then  lead  covered. 

There  are  now  in  actual  service  for  electric  lighting  purposes 
in  the  New  York  subways  over  95  miles  of  this  cable,  forming 
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parts  of  currents  having  an  E.  M.  F.  of  from  30O  to  3,000  volts, 
including  many  1,000-volt  alternating  circuits,  and  an  additional 
60  miles  of  the  same  cable  will  shortly  be  in  operation.  The 
thickness  of  insulation  used  in  these  cables  is  5-32,  6-32  and  7-32 
of  an  inch.  This  refers  to  the  thickness  of  the  insulation  from 
any  given  point  of  the  circumference  of  the  conductor. 

The  "Safety"  Cable. — The  insulating  material  of  the 
Safety  cable  is  an  india-rubber  compound.  It  differs  some- 
what, I  believe,  from  the  ordinary  run  of  india-rubber  compound 
cables  in  that  the  compound  is  placed  over  the  wire,  without 
seams  or  laps  of  any  kind.  This  compound  is  vulcanized  to  a 
moderate  degree  of  hardness  suflScient  to  prevent  decentering  of 
the  heavy  conductors  which  it  insulates,  but  yet  it  retains  a  high 
degree  of  flexibility. 

The  thickness  of  insulation  used  on  No.  4  Brown  &  Sharpe 
wire — .204  inch  diameter — is  .108  inch.  The  weight  of  this 
conductor,  lead  covered,  is  4,861  pounds  per  mile.  Of  this  the 
wire  weighs  665  pounds,  the  insulation  669  pounds,  the  tape 
95  pounds,  the  lead  covering  3,432  pounds. 

A  special  thickness  of  this  insulation  was  made  in  one  instance 
in  response  to  a  call  for  cable  to  withstand  a  strain  of  7,000  volts 
for  arc  lighting.  A  sample  of  this  cable  is  on  the  table — ^the 
thickness  of  the  insulation  is  .238  inch.  The  conductor  is  No. 
4  B.  &  S.  gauge.  This  cable  is  now  in  the  subways.  Its  length 
is  about  three  miles.  I  am  not  aware  that  it  has  yet  been  called 
upon  to  withstand  the  prescribed  7,000  volts. 

There  are  now  over  65  miles  of  the  Safety  cable  in  actual 
use  in  the  subways,  assigned  to  electric  light  circuits — continuous 
and  alternating — of  from  1,000  to  2,500  volts  E.  M.  F.,  and  about 
15  miles  additional  are  now  being  placed  in  subways. 

The  Bishop  Rubber  Compound  Cable. — The  Bishop  Rubber 
Compound  Cable  is  of  the  well-known  Silvertown  type,  having 
first  a  coat  of  rubber  without  sulphnr,  then  a  coat  of  rubber  • 
compound  with  sulphur,  and  over  this  a  lapping  of  rubber  cable, 
which  is  then  taped.  There  are  two  sizes  of  this  cable  in  the 
subways ;  namely :  No.  4,  B.  &  S.,  and  No.  6,  B.  &  S.  The 
thickness  of  the  insulation  is  4-32  inch ;  the  thickness  of  the  lead 
covering  is  5-64  of  an  inch,  the  outside  diameter  of  the  cable 
is  .65  of  an  inch,  and  the  weight  of  the  cable  is  about 
4,600  pounds  per  mile.  There  are  of  this  cable,  in  successful 
operation,  about  10  miles  assigned  to  alternating  circuits  of  1,000 
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Tolts,  and  five  miles  to  arc  circuits  of  2,500  to  8,000  volts  E.  M. 
F.  Double  this  amount  of  this  cable  will  soon  be  laid  for  similar 
purposes. 

The  Cobb  Vulcanttb-Paraffink  Cable  is  of  a  somewhat 
unique  construction  and  design.  It  also  differs  materially  in  one 
respect  from  the  other  cables  described,  in  that  the  conductor  is 
freely  movable  within  its  insulating  medium.  The  cable  is  made 
in  practically  the  following  manner:  A  vulcanite  tube  is  first 
made  in  lengths  of  about  300  feet.  This  tube  is  moderately 
flexible.  The  tubing  is  vulcanized  in  boiling  paraffine.  The 
wire  is  then  threaded  through  the  tube,  after  which  the  sections 
of  tubing  are  jointed  together.  A  thick  cord  is  then  wound 
spirally  around  the  vulcanite  tube.  The  whole  is  then  lead 
covered,  and  the  space  between  the  vulcanite  and  lead  formed  by 
the  spirally  wound  cord  is  filled  with  paraflSne. 

There  are  about  twenty-five  miles  of  this  cable  in  the  subways. 

In  the  case  of  the  Bishop,  Safety,  Cobb  and  Patterson  cables, 
the  lead  is  alloyed  with  about  3  per  cent,  of  tin.  The  lead  cover- 
ing of  the  Standard  Underground  cable  is  unalloyed,  but  it  is 
covered  with  a  thick  cotton  braiding  soaked  in  "  P.  &  B."  paint 
(the  latter  a  product  of  petroleum),  which,  it  is  claimed,  will 
protect  the  lead  from  acid,  gases,  etc.,  and  the  braid  also  acts  to 
protect  the  lead  from  mechanical  injury. 

Condition  of  the  Cables. 

I  may  say  that  all  of  these  cables  are  guaranteed  by  the  manu- 
facturers for  three  years.  This  term,  however,  is  not  to  be  taken 
as  signifying  the  limit  placed  upon  the  life  of  the  cables  by  the 
manufacturers. 

It  is  over  a  year  since  current  was  turned  on  the  first  high  ten- 
sion electric  light  circuit  in  the  New  York  subways.  This  was 
a  circuit  in  One  Hundred  and  Twenty-fifth  street,  belonging  to 
.the  Harlem  Electric  Light  Company.  The  insulation  resistance 
of  the  cable,  as  measured  just  before  the  turning  on  of  the  x*ur- 
rent,  showed  it  to  be  1760  megohms  per  mile.  A  test  made  of 
the  same  circuit  last  week,  after  one  year's  continuous  service 
showed  it  to  have  an  insulation  resistance  of  1516  megohms  per 
mile.  Since  the  installation  of  the  circuit  just  referred  to,  elec- 
tric light  cables  of  the  various  types  described  hav6  been  drawn 
into  the  subways  almost  as  rapidly  as  they  could  be  manufactured, 
and  test  made  of  the  conductors  months  after  the  initial  test  has 
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shown  them  to  be  in  the  same  electrical  condition  as  when  first 
laid. 

There  have  been  several  burn-outs  in  cables  in  the  subways 
within  the  year,  but  with  the  exception  of  an  abandoned  type  of 
cable,  to  which  I  shall  refer  later,  these  bum-outs  have  been 
traceable  in  every  case  to  defective  joints  or  to  mechanical  in- 
jury. In  all,  according  to  the  records  and  best  obtainable  in- 
formation, there  have  been,  exclusive  of  those  in  the  abandoned 
cable,  but  five  bum-outs  in  over  185  miles  of  electric  light  wire 
during  a  period  of  active  service  of  the  conductors  ranging  from 
one  month  to  thirteen  months. 

In  the  case  of  27  out  of  34  of  the  electric  light  circuits  in  the 
subways,  not  a  single  defect  of  any  kind  has  occurred  since  they 
were  placed  in  the  ducts.  There  have  been  several  instances 
where  faults  not  amounting  to  burn-outs  have  been  discovered 
by  the  regular  tests  which  have  brought  the  insulation  resistance 
of  certain  conductors  below  the  requirements  of  the  rules  of  the 
subway,  but  these  defects  have  generally  been  located  and  re- 
moved without  serious  delay  to  the  circuits.  Where  this  has  not 
been  the  case,  it  can  be  fairly  attributed  to  the  employment  of 
untried  insulation,  unfamiliarity  with  underground  service,  or  to 
the  inexperience  of  the  men  to  whom  the  work  of  connecting  up 
circuits,  etc.,  has  been  intrusted.  For  instance,  in  a  number  of 
cases  grounds  have  been  traced  to  contact  of  the  conductor  with 
the  lead  covering  and  the  linemen  so  connecting  them  have  ex- 
plained that  they  were  not  aware  the  lead  covering  would  cause 
a  ground. 

On  several  occasions  grounds  have  been  caused  by  the  driving 
of  nails  through  the  lead  covering  of  the  cables  or  leading-in 
wires,  under  the  molding  inside  of  buildings,  and  on  another  oc- 
casion a  ground  was  caused  by  a  laborer's  pick-ax  while  excavat- 
ing for  a  new  subway  which  crossed  an  existing  subway.  It  is 
related  of  the  laborer  that  when  he  saw  the  smoke  arising  from 
the  burning  insulation  he  first  tried  to  put  out  the  fire  by  throw- 
ing water  over  the  cable  and  subsequently  by  throwing  wet  mor- 
tar around  it. 

It  is  perhaps  not  remarkable,  in  view  of  all  the  circumstances, 
that  anything  in  the  shape  of  an  electric  wire  is  looked  upon  by 
outsiders  with  serious  apprehensions.  It  has  sometimes  been 
amusing  to  notice  the  wide  berth  given  even  the  leading-in  wires 
used  during  the  making  of  tests  of  cables  by  the  occupants  of 
buildings  from  which  the  test  is  being  made. 
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On  one  occasion,  while  a  test  was  being  made  in  the  basement 
of  the  Hotel  Brunswick,  it  happened  that  the  leading-in  wirea 
were  lying  on  the  floor  near  by  a  small  pool  of  water  in  a  hallway. 
A  servant,  seeing  the  water  and  the  wires  in  close  proximity,  called 
ont  in  alarm  to  one  of  her  companions  who  was  approaching : 
"Take  care,  Mary,  the  electricity  is  running  out.'' 

DEFECTIVE   GABLES. 

In  the  case  of  th«  cable,  previously  referred  to  as  having  been 
abandoned,  the  bum-outs,  were  of  almost  nightly  occurrence. 
The  delays  to  the  company  using  this  cable  were  necessarilly  vexa- 
tious, and  I  may  say  that  in  my  references  to  bum-outs,  defects, 
etc.,  occurring  in  underground  cables,  I  have  not  included  those 
that  were  due  to  the  use  of  this  seepiingly  inherently  defective 
cable.  This  was  a  lead  covereid  cable  with  a  vulcanite  tube  as  an 
insulating,  medium.  This  special  cable  has,  I  believe,  been 
abandoned,  and  is  no  longer  in  service  in  the  New  York  sub- 
ways. What  may. appear  a  singular  feature  in  connection  with 
the  burnouts  in  this  cable  was  the  fact  that  the  cable  had  a 
higher  apparent  insulation  resistance  than  any  other  cable  in  the 
subways,  and  would  frequently,  on  a  test,  show  an  insulation  re- 
sistance of  over  4,000.  mpgohms  per  mile  a  few  hours  before  the 
occurrence  of  a  burn-out.  The  same  cable  showed  even  a  higher 
test  at  the  factory,  namely,  about  20,000  megohms  per  mile.  In 
the  latter  oase^  it  was.  tested  with  400  volts.  Burn-outs  on  this 
cable  have  occurred,  when  the  pressure  employed  on  the  circuit 
did  not  exceed  600  volts. 

The  explanation  of  this  may  be  that  owing  to  the  nature  of  the 
insulating  material  and  to  the  fact  that  it  was  not  tested  under 
water  before  being  lead  covered,  there  may  have  existed  fractures 
in  the  vulcanite  tubing,  or  such  fractures  may  have  been  caused 
in  process  of  drawing  the  cable  into  the  ducts.  Under  the  tests 
made  with  the  100  and  400  volts  b.  m.  f.  of  the  testing  battery, 
a  fault  would  not  develop ;  under  the  high  electromotive  force  of 
the  dynamo  and  the  current  of  10  or  12  amperes,  the  fault  would 
develop,  perhaps  due  to  moisture  of  condensation  of  the  air  in  the 
tubes  caused  by  the  heating  of  the  wire.  This  explanation  is  ap- 
parently confirmed  by  the  fact  that  25  miles  of  a  somewhat  simi- 
lar cable,  namely,  the  Cobb  cable,  which  I  have  described,  but  in 
which  paraflSne  is  placed,  between  th^  lead  covering  and  the  vul- 
canite tube,  has  been  in  successful  operation  in  the  subways  for 
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high-tension  circuits  for  over  two  months  without  any  indication 
of  a  defect  having  occurred. 

It  was  rather  unfortunate  that  the  cable  which  I  have  said  has 
been  abandoned  as  unsatisfactory,  and  which  has  indeed  been 
withdrawn  from  the  subways,  appears  to  have  been  the  only 
cable  used  for  electric  lighting,  purposes  in  the  New  York  sub- 
ways which  came  to  the  notice  of  an  Enghsh  electrical  engineer 
during  a  flying  visit  to  this  country,  and  a  description  of  which 
cable  he  presented  to  our  sister  society  in  London  in  a  recent 
paper,  with  a  favorable  prediction  as  to  its  probable  success. 

LOCATING    FAULTS. 

The  method  employed  for  locating  faults  in  electric  light  con- 
ductors in  the  subways  is  to  test  the  conductor  from  point  to  point 
until  the  defect  is  placed  between  two  lamps  or  manholes.  When 
a  fault  is  located  between  two  lamps  or  two  manholes,  if  it 
is  in  the  cable  proper  and  not  in  a  joint  at  a  hand-hole  or  box,  the 
defective  section  is  withdrawn,  and  a  perfect  section  put  in  its 
place.  With  the  exception  of  the  hard  rubber  cable  referred  to> 
this  has,  I  believe,  been  necessary  but  on  three  occasions  after  the 
curi*ent  has  been  turned  on  the  circuit ;  in  two  of  these  cases  the 
defect?  were  caused  by  improperly  made  joints.  In  the  other 
case  by  a  mechanical  injury. 

In  the  case  of  arc  light  or  series  circuits,  defects  in  the  cables 
are  more  readily  located  than  in  multiple  arc  circuits,  because  of 
the  facility  afforded  by  the  openings  at  the  lamps  for  testing  the 
conductor  in  sections.  In  the  case  of  multiple  arc  circuits  there 
is  at  present  no  means  of  locating  faults  but  by  cutting  the  con- 
ductor in  manholes.  For,  as  the  house  connections  are  made  from 
the  cable  by  T  joints,  it  is  obvious  that  the  only  effect  of  discon- 
necting the  lamps  or  converters  from  the  cable  is  to  separate  the 
two  conductors  of  the  circuit.  These  remarks,  it  is  understood, 
do  not  apply  to  the  Edison  conductors,  to  which  it  is  well  known 
access  is  had  at  the  ends  of  each  pipe  by  removing  the  paving 
and  earth  above  the  pipe. 

No  attevipt  is  made  to  locate  faults  in  electric  light  circuits  in 
the  subways  by  electrical  measurements,  for  the  reason  that  the 
obstacles  in  the  way  of  obtaining  accurate  data  are  so  numerous 
that  it  has  not  been  considered  expedient  to  rely  on  the  results  of 
such  measurements.  For  instance,  the  uncertainty  as  to  the  dis- 
tribution of  the  resistance  of  the  conductor  owing  to  the  numerous 
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joints  in  the  circuit,  the  variations  in  temperature  of  the  snbwajs 
and  the  difficulty  in  ascertaining  it,  etc. 

To  facilitate  the  locating  of  faults,  should  they  occur  in  the 
subways,  several  forms  of  accessible  joints  have  been  su^ested 
for  use  in  the  manholes.  One  of  these,  known,  I  think,  as  the 
Dillon  joint,  consists  of  a  metal  cup,  having  in  its  bottom,  aper- 
tures through  which  the  cable  ends  pass.  The  lead  covering  of 
the  cable  is  soldered  into  the  cup,  the  conductors  are  connected 
or  spliced,  and  insulated,  and  a  water-tight  cover  is  screwed 
over  the  cup. 

Another  accessible  joint,  known  as  the  Cobb  joint,  is  made  as 
follows :  A  copper  disc  is  soldered  on  the  ends  of  the  conductors 
to  be  connected.  Over  the  discs  a  vulcanite  sleeve  is  placed. 
Two  shoulders  having  respectively  a  right  and  left  hand  screw 
are  placed,  near  the  sleeve,  over  the  insulation  of  the  conductor. 
The  sleeve  is  provided  with  a  right  and  left  hand  thread.  The 
forward  movement  of  the  shoulders  is  checked  by  discs  on  the 
ends  of  the  conductors  Thus  when  the  sleeve  is  screwed  on  to 
both  shoulders  the  tendency  is  to  press  the  two  discs  together 
tightly.  This  joint  can  be  made  quickly,  but  as  to  its  practical 
utility  it  is  not  possible  to  speak  definitely  as  yet,  since  it  has  not 
been  in  actual  service  in  the  subways,  so  far  as  I  am  aware.  The 
same  is  true  of  the  Dillon  joint. 

It  is  perhaps  a  debatable  question  whether  easily  accessible 
joints  are  desirable  in  the  manholes  of  subways,  as  the  tendency 
in  such  cases  might  be  to  lead  to  accidents  by  the  exposure  of  live 
wires. 

DURABILITY   OF  GABLES. 

Concerning  the  much  discussed  question  as  to  the  relative  dur- 
ability of  rubber  compound  and  fibrous  cables,  I  do  not  think 
sufficient  time  has  elapsed  in  the  case  of  the  cables  in  the  New  York 
subways  to  enable  one  to  arrive  at  a  definite  judgment.  In  the 
case  of  both  types  of  cable,  as  I  have  already  said,  many  circuits 
have  been  running  continuously  for  over  nine  months,  and  in 
some  instances  for  over  one  year,  without  a  defect  of  any  kind, 
electrical  or  mechanical,  having  occurred,  and  'the  slighter  defects 
that  have  occurred  on  other  circuits  have  as  yet  been  so  few  in 
either  type  of  cable  as  not  to  certainly  show  any  marked  superior- 
ity of  one  type  over  another.  Specimens  of  cable  that  have  been 
examined  after  nine  to  twelve  months  service  show  no  physical 
or  electrical  signs  of  deterioration  of  the  insulation. 
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As  regards  the  question  as  to  which  kind  of  cable  will  best 
withstand  the  heat  from  steam  pipes  adjacent  to  the  snbwajs,  it 
would  appear  thus  far  that  the  lead-covered  fibrous  cable  is 
superior  to  the  homogeneous  cable  not  lead  covered.  Lead-covered 
rubber  compound  cables  have  not  as  yet  been  tried  in  the  heated 
districts. 

MULTIPLE  CABLES. 

There  are  no  concentric  cables  in  the  subway  in  this  city.  The 
mains  of  multiple  arc  circuits  are  operated  in  separate  lead  covers 
in  the  same  duct.  It  is  contemplated,  I  believe,  by  some  of  the 
companies  to  use  one  lead  cover  for  such  circuits  hereafter.  One 
objection  on  the  part  of  the  companies  to  the  use  of  concentric 
cables  is  the  anticipated  difficulty  in  making  joints,  especially 
where  frequent  connections  for  distribution  are  required.  This 
objection  should  not  hold  good  in  the  case  of  the  feeder  portion 
of  the  circuits. 

As  to  the  use  of  multiple  cables  for  electric  lighting,  one  such 
cable,  a  fibrous  cable,  having  eight  conductors  under  one  lead 
<5over,  was  placed  in  the  subways,  but  has  not  been  operated  as 
yet,  trouble  having  been  found  in  making  perfect  joints.  I  have 
no  doubt  that  with  the  experience  since  had  in  joint  making,  this 
difficulty  would  be  overcome,  but  it  seems  to  be  the  general 
opinion  that  the  use  of  multiple  cables  is  not  advisable  in  electric 
lighting. 

On  the  subject  of  loss  due  to  increased  electro-static  capacity  or 
to  increased  self-induction  of  conductors  in  the  subways,  I  may 
say  that  I  have  made  careful  inquiry  of  superintendents  of  sta- 
tions where  the  alternating  current  is  used  and  learn  that  no 
perceptible  difference  in  the  operation  of  the  circuits  as  compared 
with  similar  circuits  overhead  is  noticeable.  I  have  been  in- 
formed that  in  wet,  stormy  weather  a  decided  improvement  is 
observable— in  fact  that  the  condition  of  the  weather  does  not 
affect  the  circuit.  This  will  be  the  more  readily  understood 
when  it  is  stated  that  a  recent  test  made  during  the  prevalence 
of  a  drenching  rain  storm,  of  an  arc  circuit  in  the  subways  four 
miles  in  length,  showed'  an  insulation  resistance  of  2,400  m^- 
ohms  per  mile.  The  lamp  connections  were  disconnected  from 
the  cable  proper  during  the  tests,  so  that  all  the  terminals  of  the 
cable  were  under  cover. 

JOINTS. 

When  it  was  urged  upon  the  electric  light  companies  of  this 
city  that  they  were  not  using  due  diligence  in  placing  their  wires 
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under  ground,  the  companies  retorted  that  they  were  doing  so  as 
rapidly  as  possible  consistent  with  good  workmanship,  and  they 
cited  the  fact  that  it  was  not  possible  to  joint  up  the  cables  more 
expeditiously  than  was  being  done  with  the  number  of  capable 
jointers  at  their  command.  To  this  an  official  of  the  city  replied 
that  this  did  not,  in  his  opinion,  constitute  a  valid  excuse  while 
so  many  poor  men  were  idle  who  would  be  only  too  glad  to  be 
given  work  at  jointing  the  cables. 

This  was  the  view  of  a  layman,  but  it  would  seem  that  in  a 
number  of  instances  in  the  electric  light  service  in  this  country 
somewhat  similar  views,  namely,  that  anyone  could  make  joints 
and  that  any  kind  of  joints  might  be  made,  was  held  by  those 
who  should  be  supposed  to  know  to  the  contrary. 

In  this  city,  1  think,  it  is  now  fully  recognized,  by  the  electric 
light  companies  at  least,  that  it  pays  to  employ  good  jointers  in 
underground  work. 

Several  forms  of  joints  are  used  on  the  electric  light  cables  in 
subways,  among  them  one  known  as  the.rubber  joint.  It  is  some- 
times termed  the  half  marine  joint.  This  joint  is  made  practi- 
cally as  follows :  First  the  lead  covering  is  removed  for  about  3 
inches  from  the  end  of  the  conductor ;  about  one  inch  of  the  in- 
sulation is  then  removed  from  the  ends  of  the  conductor ;  the 
ends  of  the  conductor  are  then  *'  sweated  "  together,  a  split  cop- 
per sleeve  generally  being  placed  over  the  ends.  When  a  T  joint 
is  to  be  made  a  T  sleeve  is  used.  This  facilitates  the  making  of 
the  joint  by  dispensing  with  filing  the  ends  of  the  conductor,  and 
then  wrapping  them  with  small  wire.  No  acid  is  used  in  the  mak- 
ing of  the  joint.  Besin  is  commonly  used  ^^lag.  After  the  wire 
has  been  spliced  the  insulation  is  then  scarfed  for  about  three- 
quarters  of  an  inch,  when  a  layer  of  pure  rubber  strip  is  wrapped 
around  the  wire  spirally,  back  and  forth,  about  three  times,  and 
each  time  the  rubber  is  brought  further  up  the  scarfed  insulation, 
A  few  layers  of  white  rubber  strip  is  then  wound  above  the  pure 
rubber  strip,  and  after  that  a  layer  or  two  of  pink  rubber  strip. 
A  layer  of  fibrous  rubber  tape  is  then  put  on  over  aU.  Between 
each  layer  of  rubber  strip  a  small  quantity  of  rubber  solution  is 
put  on  to  make  the  rubber  adhesive  and  practically  homogeneous. 
A  lead  sleeve  is  then  placed  over  the  joint  and  wiped  on  to  the 
lead  covering.  This  joint  can  be  made  in  about  20  minutes,  ex- 
clusive of  time  taken  in  wiping  the  lead  sleeve.  This  joint  is 
used  altogether   on  the   Bishop    and    the  Safety  cables;   also 
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occasionally  on  the  Standard  and  Cobb  cables.  But  as  a  rule  the 
.  Cobb  people  make  a  special  joint  somewhat  as  follows :  The  ends 
of  the  conductor^  are  spliced  in  the  usual  way,  a  hard  rubber 
ferrule  having  first  been  placed  over  one  end  of  the  conductor 
and  a  brass  ferrule  over  the  other  conductor  above  the  insulation. 
A  machine  like  a  double  vise  is  then  placed  over  the  lead  cover- 
ing of  the  cable  and  made  fast  thereto.  A  tightening  device 
next  draws  the  ends  of  the  vulcanite  together,  taking  up  slack  in 
.  the  cabl^.  The  vulcanite  sleeve  or  ferrule  is  then  welded  by  heat 
to  the  vulcanite  tube,  after  which  the  brass  ferrule  is  drawn  over 
the  tube*  A  mould  is  then  placed  around  the  joint  into  which 
molten  lead  is  poured,  thus  casting  a  solid  lead  sleeve.  This  is 
quickly  cooled  by  the  application  to  the  mould  of  cold  water. 
The  mould  is  then  removed  and  the  joint  is  complete.  This 
form  of  joint  has  been  found  satisfactory,  I  believe,  and  it  is 
claimed  that  it  can  be  made  in  much  less  time  than  a  half  marine 
joiut. 

The  joint  chiefly  used  on  the  Standard  Underground  Cable  is 
made  differently  from  either  of  the  foregoing.  After  the  con- 
ductor has  been  spliced  as  usual,  and  the  lead  covering  has  been 
cut  back  from  the  insulation,  a  few  turns  of  tape  is  passed  around 
the  splice.  A  leaden  sleeve  is  then  put  on  over' this  and  wiped 
firmly. to  the  lead  cover  of  the  cable.  When  this  has  been  done 
two.  or  tiUree  small  holes  are  punctured  in  the  leaden  sleeve  through 
which  a  boiling  insulating  compound  used  in  the  manufacture  of 
the  cable  is  poured,  filling  up  the  sleeve  completely;  after  which 
the  holes  are  closed  by  solder.  These  joints  have  been  found  to 
give  excellent  service  in  this  form  of  cable.  The  time  taken  in 
making  this  joint  is  about  30  minutes. 

LEAD   COVERED   CABLE. 

The  cables  used  in  the  electric  light  service  in  the  New  York 
subways  are,  as  I  have  elsewhere  stated,  without  exception,  lead 
covered.  In  the  case  of  fibrous  insulation,  this  is  essential  to  ex- 
clude moisture,  but  not  in  the  case  of  the  rubber  cables,  except 
as  a  protection  against  gas  and  acids,  and  to  a  certain  extent, 
mechanical  injury.  The  use  of  this  lead  covering  is  not  required 
by  the  subway  rules.  In  addition  to  being  a  protection  against 
the  attack  of  acids  and  gases,  the  lead  covering  is  considered  a 
safeguard  against  accidents  to  men  working  in  the  manholes 
among  live  wires.  For,  in  the  first  place,  if  a  defect  should  occur 
in  the  insulation  in  the  manhole,  the  presence  of  a  ground  fur- 
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nished  by  the  lead  covering  would  make  the  defect  known  at  the 
regular  test,  which,  if  the  defect  were  of  a  serious  nature,  would 
insure  its  being  located  and  eliminated.  Whereas,  if  the  con- 
ductor were  not  lead  covered  there  is  a  probability  that  a  defect 
in  the  insulation  might  occur  that  would  not  be  indicated  by  the 
test,  but  which  might  expose  the  conductor  and  render  it  possible 
for  workmen  in  the  manholes  to  make  contact  therewith.  It 
would  be  quite  possible  for  a  workman  to  handle  the  lead  cover- 
ing of  even  a  defective  conductor  without  injury  since  the  lead 
covering  is  grounded  throughout  the  length  of  the  subway. 

It  will  hardly  be  credited  by  some  people,  but  it  is  a  fact  that 
live  electric  light  wires  conveying  alternating  and  continuous  cur- 
rents for  arc  and  incandescent  lights  are  handled  and  moved  about 
in  the  manholes  by  means  of  the  lead  covering  without  the  slightest 
indication  that  such  wires  are  alive.  Indeed,  it  is  quite  a  com- 
mon occurrence  to  start  up  such  circuits  immediately  after  a  rub- 
ber joint  has  been  made  in  order  to  save  time  and  then  to  have 
the  plumber  adjust  and  wipe  the  sleeve  on  the  lead  cover  while 
the  circuit  is  in  full  operation. 

Another  fact  is  this,  that  in  the  subways  no  shocks  whatever 
due  to  induced  currents  in  the  lead  covering  are  felt  by  the  work- 
men in  handling  the  lead  covered  cables  conveying  the  alternat- 
ing current.  It  is  quite  conceivable  that  such  shocks  might  be 
noticed,  as  I  believe  they  are,  where  the  cables  are  suspended 
from  point  to  point  and  insulated.  In  that  case  any  one  handling 
the  lead  covering  of  the  conductors  would  doubtless  receive  the 
accumulated  induced  charge. 

It  has  been  stated  frequently  that  such  induced  currents,  where 
the  lead  covering  of  the  conductors  is  insulated,  have  been  known 
to  injure  the  lead  covering  and  eventually  to  destroy  the  in- 
sulation. 

So  far  as  I  have  been  able  to  ascertain,  not  in  a  single  instance 
has  such  an  action  taken  place  in  the  subways. 

As  a  matter  of  fact  close  personal  observation  and  careful  in- 
quiry on  all  sides  have  failed  to  discover  thus  far  any  sign  of 
deterioration  in  the  condition  of  the  material  of  the  conduits,  the 
lead  covering  of  the  insulation,  or  of  the  insulation  of  the  cables 
in  the  subways,  with  the  exception  of  the  effect  upon  the  lead 
covering  of  the  telephone  cable  in  thfe  creosoted  wood  conduit 
referred  to.  I  may  add  that  even  in  the  latter  case,  personal  in- 
vestigation and  inquiry  made  of  workmen  have  not  confirmed 


Digitized  by  VjOOQIC 


1890.]  MAVEB  ON  ELECTRICAL  SUBWAYS.  85 

the  Btatement  that  the  lead  covering  hae  been  attacked.  At  all 
events  there  is  no  evidence  of  any  snch  wholesale  mannf actnre  of 
white  lead  as  has  been  reported  from  other  places  where  lead 
covered  cables  have  been  placed  in  creosoted  wooden  boxes. 

INSULATION  AND   TESTS. 

The  requirements  of  the  rules  of  the  subway  company,  as 
regards  insulation,  are  such  that  none  but  a  first-class  insulation 
can  well  be  employed  on  the  conductors  assigned  to  high  poten- 
tial arc  and  incandescent  circuits.  These  rules  require  an  initial 
insulation  resistance  of  15  megohms  per  mile  per  100  volts  elec- 
tro-motive force  employed  on  the  circuit,  and  a  minimum  of  five 
megohms  per  mile  per  100  volts.  The  initial  test  is  made  when 
the  conductor  isfirst  laid  in  the  subway,  and  prior  to  the  turning 
on  of  the  current.  The  minimum  i^equirement  is  allowed  after 
the  circuit  has  been  in  use.  This  insulation  requirement  refers  to 
the  conductor  proper  in  the  subway,  and  does  not  include  the 
lamps,  aerial  connections  or  converters.  The  rule  does  not  apply 
to  circuits  of  less  than  100  volts  E.  M.  F.  In  the  case  of  alternat- 
ing circuits,  the  uniform  electromotive  force  employed  in  this 
city  being  1,000  volts,  the  conductors  to  be  employed  in  this 
service  are  required  to  show  an  initial  insulation  resistance  of  150 
megohms  per  mile,  and  a  minimum  insulation  resistance  after- 
wards of  at  least  50  megohms  per  mile. 

The  average  E.  M.  F.  of  the  arc  light  circuits  in  the  subways 
is  about  2,000  volts,  but  in  some  instances  it  runs  up  to  3,5(i0 
volts.  In  the  latter  case  the  initial  insulation  resistance  required 
by  the  rules  is  525  megohms  per  mile ;  minimum,  175  megohms 
per  mile. 

It  was  at  first  thought  by  many  that  it  would  be  impossible  to 
maintain  even  the  minimum  insulation  resistance  required  by  the 
rules,  and  this  supposed  impossibility  was  cited  by  some  of  the 
electric  light  companies  as  an  instance  of  the  impracticability  of  ' 
the  proposition  that  they  should  utilize  the  subways.  The  repre- 
sentative of  one  such  company  very  naively  stated  that  it  would 
certainly  be  impossible  for  his  company  to  maintain  this  insula- 
tion if  compelled  to  go  into  the  subways,  as  the  insulation  his 
company  used  in  its  service  was  underwriters'.  One  of  the  ex- 
perts of  the  same  company,  in  his  evidence,  repeated  the  very 
common  remark  that  one  megohm,  if  it  covld  he  maintained^ 
would  be  quite  sufficient  for  practical  purposes.    I  do  not  think 
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this  statement  will  be  seriously  contradicted,  but  the  difficulty  is 
to  maintain  the  insulation  resistance  at  one  megohm  in  practice. 
Experience  in  the  New  York  subways  has  shown  that  it  is  vastly 
easier  to  maintain  the  insulation  resistance  at  150,  and  even  500 
megohms  per  mile  than  it  has  been  in  the  past  in  other  cities  to 
maintain  it  at  one  megohm  per  mile.  A  gentlemen  writing 
of  the  Chicago  underground  system,  not  quite  two  years  ago,  re- 
marked :  "It  was  found  that  although  the  insulation  measurement 
of  the  lead  covered  cables  in  the  conduit  was  very  high,  consider- 
ably above  a  megohm,  a  short  circuit  would  form  generally  within 
1,000  feet  of  the  station  between  the  two  sides  of  the  circuit." 

The  explanation  for  this  short  circuiting  under  such  conditions 
would  appear  to  be  simple,  namely,  that  if  tjie  insulation  resist- 
ance of  a  conductor  is  but  one  megohm  per  mile,  the  covering 
being  of  the  ordinary  thickness,  it  is  clear  enough  that  it  is 
decidedly  inferior  insulation  ;  and  if  the  normal  insulation  resist 
ance  of  the  conductor  is  verj  much  higher  than  one  megohm  per 
mile,  but  the  measurement  nevertheless  shows  it  to  have  an 
insulation  resistance  of  but  one  megohm,  it  is  or  should  be  suffii- 
cient  evidence  that  a  fault  has  developed  in  the  insulation  which 
need  surprise  no  one  when  it  produces  a  short  circuit  or  burn  out. 

As  I  was  in  no  wise  responsible  for  the  promulgation  of  the 
subway  rule  which  places  the  initial  and  minimum  insulation  re- 
sistance of  the  electric  light  conductors  at  the  figures  given,  not 
having  been  connected  with  the  company  in  any  capacity  at  the 
time  the  rule  was  authorized,  modesty  need  not  restrain  me  from 
saying  that  experience  of  over  a  year  has  amply  proven  the  wisdom 
of  those  requirements.  For  these  requirements  not  only  neces- 
sitated the  use  of  an  insulating  material  possessing  high  specific 
insulation,  but  also  compelled  the  exercise  of  the  greatest  care  in 
the  details  of  placing  the  conductors  in  the  conduits,  in  the 
making  of  joints,  etc 

When  it  is  stated  that  these  conductors  are  jointed  at  every 
manhole,  and  in  many  instances  at  several  places  between  man- 
holes, the  need  of  such  carefulness  in  order  to  maintain  a  high 
insulation  will  be  understood. 

If,  for  example,  the  method  of  making  joints  that  it  is  related 
was  employed  some  years  ago  in  Philadelphia — ^namelyi  to  strip 
the  ends  of  the  lead  covering  for  two  or  three  inches  and  then 
to  place  three  or  four  turns  of  tape  around  the  ends  of  the  con- 
•ductor — had  been  followed  in  the  New  York  subways,  and  had 
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been  pennitted  in  the  absence  of  the  rules  referred  to,  I  think 
no  doubt  I  would  have  had  to  report  to-night  a  continued  series 
of  failures  in  the  electric  light  service  similar  to  those  so  often 
quoted  as  having  happened  in  Philadelphia.  I  am  confirmed  in 
this  belief  by  the  fact  that  the  first  electric  light  conductors  laid 
in  the  New  York  subways  were  found  to  possess  an  insulation 
resistance  of  but  little  over  100,000  ohms.  This,  notwithstand- 
ing that  the  insulation  resistance  of  the  conductors  at  the  factory 
was  over  2,000  megohms  per  mile.  There  were  about  40  joints 
in  these  conductors.  When  these  had  been  cut  out  and  new 
ones  made  by  an  expert  jointer  the  insulation  resistance  rose  to 
over  1,500  megohms  per  mile,  and  a  very  recent  test  of  the  same 
circuit  shows  it  to  possess  virtually  the  same  insulation  resistance. 

Under  the  methods  once  in  vogue  in  other  cities  in  this  country 
with  regard  to  underground  work,  in  which  no  tests  for  defects 
were  made  excepting  for  such  as  would  be  indicated  by  an 
ordinary  magneto,  the  circuit  I  have  referred  to  would  have  been 
put  in  qperation  without  question,  and  there  is,  I  think,  not  much 
doubt  as  to  what  the  outcome  would  have  been. 

The  high  tension  electric  light  conductors  are  tested  weekly 
for  insulation  resistance.  The  tests  are  made  by  the  direct  de- 
flection method,  a  Thomson  reflecting  galvanometer  being  used, 
and  as  a  rule  a  100-cell  chloride  of  silver  battery  is  employed  as 
a  testing  battery.  The  tests  are  generally  made  from  some  room 
or  basement  adjacent  to  the  terminals  of  the  conductors  in  the 
subway,  in  order  that  the  subway  portion  of  the  circuit  may  be 
tested  exclusive  of  aerial  portions. 

At  present  the  subways  do  not  extend  to  the  electric  light 
stations,  although  in  a  very  short  time  they  will  do  so  in  the  case 
of  the  Stanton  Street  United  States  Illuminating  Company's 
station.  -    • 

Where  the  conductors  emerge  from  the  subways  they  are  run 
through  subsidiary  ir^n  pipes  up  the  side  of  a  pole.  From  this 
pole  the  testing  leading-in  wires  are  run  to  the  testing  room. 

The  subway  conductors  are  as  a  rule  tested  exclusive  of  arc 
lamps,  converter  and  inside  wiring,  but  frequently  also  the  tests 
are  made  inclusive  of  arc  lamps  and  converters.  These  latter 
tests  are  only  accepted  when  the  results  fairly  indicate  that  the 
decreased  insulation  resistance  is  due  to  the  lamps  or  converters. 
In  quite  a  number  of  cases  the  tests  with  converters  included 
show  an  insulation  resistance  up  to  the  requirements. 
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Tests  of  circuits  are  not  made  inclusive  of  house  wiring,  be- 
cause of  the  generally  low  results  of  trial  test.  Some  such  tests 
that  I  have  made  showed  an  insulation  resistance  of  the  house 
wiring  of  less  than  1,000  ohms. 

The  following  record  of  actual  tests  may  be  of  interest : 

Circuit  A,  Arc.  Initial  test  588  megohms  per  mile.  Last  test 
of  same  circuit  388  megohms.  Present  length  of  circuit  9,5 
miles. 

Circuit  B,  alternating.  Initial  test  141  megohms.  Last  test 
1,250  megohms.  Length  9.6  miles  The  first  test  was  made  when 
circuit  was  much  shorter  than  at  present,  and  doubtless,  the  ter- 
minals of  conductor  were  exposed  during  that  test. 

Circuit  D.  Initial  test,  Jan.  6,  1889,  424  megohms  per  mile- 
Length  of  circuit,  two  miles.  Subsequent  test,  Jan.  2, 1890, 484 
megohms  per  mile. 

Circuit  E.  Jan.  4,  1889.  1,760  megohms  per  mile.  Same 
circuit,  Jan.  4, 1890, 1,616  megohms  per  mile.     Length,  1  mile. 

Circuit  F.  July  7,  1889,  264  megohms  per  mile.  Jan.  3, 
1890,  343  megohms.     Length,  6.6  miles. 

The  readings  for  these  tests  are  generally  taken  after  one  or 
two  minutes'  electrification. 

Tests  with  converters  included  in  some  cases  show  very  fair 
insulations.  One  circuit  with  34  converters  included  showed  11 
megohms  total  insulation  resistance.  Another  with  11  converters 
included  gave  a  total  insulation  resistance  of  159  megohms.  It 
is  not  uncommon  to  get  an  insulation  resistance  of  from  two  to 
five  megohms  with  30  and  40  converters  in  circuit.  The  fore- 
going tests  did  not  include  aerial  portions  of  circuits.  It  should 
be  said  that  the  insulation  of  the  converters  and  connections  is 
being  constantly  improved,  and,  in  my  opinion,  the  time  is  not 
remote  when  the  underground  circuits  will  test  up  to  the  present 
requirements  of  the  subway  rules  at  all  times  with  converters 
included. 

As  all  of  the  conductors  of  the  same  company  do  not  terminate 
at  any  one  point,  and  the  testing  instruments  have  to  be  moved 
from  place  to  place,  the  apparatus  used  is  of  a  portable  pattern. 
The  entire  outfit  can  in  an  emergency  be  carried  by  one  person, 
and  very  readily  by  two  persons. 

Contrary  to  the  expectations  of  some  people,  the  actual  making 
of  these  electrical  tests  has  not  been  attended  with  any  serious 
difficulty.    The  most  troublesome  factor  has  been  that  due  to 
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Bnrface  leakage  at  the  battery  or  other  parts  of  the  testing  equip- 
ment, daring  the  very  hnmid  weather,  which  prevailed  so  con- 
tinuously last  summer  and  winter. 

The  time  for  making  these  tests  is  as  far  as  possible  chosen  to 
suit  the  convenience  of  customers.  The  majority  of  the  tests  are 
now  made  in  the  early  mornings.  All  circuits  are  tested  once  a 
week  at  least. 

About  180  miles  of  the  subway  electric  light  conductors  re- 
ferred to  are  employed  as  carriers  of  alternate  current  for  incan- 
descent lighting.  About  60  miles  as  carriers  of  arc  light,  and  in- 
candescent continuous  currents.  The  circuits  vary  in  length  from 
one  mile  to  eleven  miles ;  the  longest  arc  light  circuit  is  10  miles 
in  length ;  the  longest  alternating  circuit  is  11  miles  in  length. 
In  ten  miles  of  alternating  or  arc  circuit  there  are  from  450  to 
500  joints.  The  greatest  number  of  converters  on  one  subway 
circuit  IS  65.  There  are  14  arc  light  circuits  and  25  alternating 
circuits  in  the  subways. 

Quite  recently  an  alternating  arc  circuit  has  been  installed  in 
the  subways  which  is  intended  to  be  the  pioneer  of  numerous 
such  circuits.  I  may  say  that  it  is  ultimately  intended  to  operate 
at  least  125  arc  lamps  in  such  circuits. 

LIGHTNING   ARRESTERS. 

In  the  case  of  many  of  the  electric  light  circuits  that  were  first 
laid  in  the  subways  of  New  York  city,  lightning  arresters  were 
used  at  street  lamps  and  at  the  terminals  of  the  cable,  and  in  a 
number  of  instances  the  same  apparatus  is  still  used.     These 
"arresters"  are  those  known  as  the  Acheson  cable  protector,  and 
are  intended  to  protect  the  cable  against  disruptive  dischargea^ 
from  any  source.     The  principle  upon  which  the  device  is  in- 
tended to  act  }B  that  the  disruptive  discharge,  or  what  would  be 
the  disruptive  discharge,  will  jump  the  air  space  between  the 
points  of  the  needles,  thus  relieving  the  cable  from  the  strain. 
The  utility  of  this  device  for  the  purpose  intended  has  yet  to  be 
demonstrated  in  this  city,  inasmuch  as  the  frequency  of  burn-outs 
in  unprotected  cables  in  the  subways  has  been  no  greater  than  in 
those  which  are  equipped  with  the  protector ;  the  percentage  of 
bum-outs  on  cables  in  either  case  being,  as  I  have  before  in- 
timated, very  low.  It  is  as  yet,  I  think,  an  open  question  whether 
the  use  of  this  or  any  equivalent  device  is  necessary.     There  is 
no  record  of  any  of  the  cables  in  the  New  York  subways  having 
received  injury  from  lightning  during  the  past  year. 
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It  is  commonly  supposed  that  the  freedom  from  bum-onts 
whicli  the  successful  electric  light  cables  in  the  New  York  sub- 
ways have  enjoyed,  as  compared  with  the  earlier  experience  of 
other  cities,  is  due  to  an  increased  thickness  of  insulation  around 
the  conductor.  This  may  be  the  correct  explanation,  but  it 
is  worthy  of  attention  in  connection  with  this  subject  that  certain 
electrical  condensers  have  for  years  been  placed  in  positions 
where  they  are  exposed  to  the  full  effect  of  lightning  discharges 
on  telegraph  lines,  without  in  a  single  instance  having  sustained 
injury  therefrom.  Similar  instruments  have  also  been  placed 
across  the  poles  of  1,000  volts  alternating  dynamo  machines  for 
days  without  perceptible  harmful  effect.  Since  it  is  diflScult  to 
imagine  a  better  opportunity  for  a  disruptive  discharge  to  effect 
its  escape  to  earth  than  that  presented  by  the  extremely  thin 
tissue  paper  used  in  those  condensers,  the  thought  is  suggested 
that  if  this  paper  can  be  so  constructed  as  to  act  as  a  barrier  to 
the  passage  of  such  charges  there  may  be  more  to  be  considered 
in  this  matter  of  insulation  than  the  mere  question  of  thickness 
of  the  insulating  material. 

ALLEGED  DANGERS  OF  THE  SUBWAYS. 

The  dangers  to  be  apprehended  from  the  existence  of  the 
electrical  subways  and  from  the  placing  of  the  high-tension  electric 
light  currents  therein,  according  to  those  who  are  perhaps  more 
or  less  inimical  to  that  action,  are  varied.  In  general  terms,  they 
say  that  the  dangers  which  menace  the  public  and  employees  from 
the  presence  of  wires  overhead  will  be  multiplied  manifold  when 
the  wires  are  underground.  But,  when  asked  to  specify  those 
dangers,  the  reply  is  limited  to  the  following,  namely :  first,  that 
linemen  will  be  killed  by  coming  in  contact  with  live  wires  in  the 
manholes ;  second,  that  the  "  powerful "  currents  will  leave  the 
subways  and  enter  buildings  by  way  of  water  and  gas-pipes,  etc.; 
and,  third,  that  accidents  due  to  explosions  of  gas  in  the  subways 
will  be  numerous. 

As  regards  accidents  to  workmen  in  the  manholes,  due  to  con- 
tact with  live  wires,  no  one  will  say  that  such  •ccurrences  are 
impossible,  but  inasmuch  as  not  a  single  accident  of  this  kind  has 
occurred  in  New  York  City,  or  so  far  as  I  can  learn,  elsewhere, 
in  electrical  subways,  it  is  fair  to  assume  that,  with  the  exercise 
of  proper  supervision  of  the  wires,  this  is  not  likely  to  prove  a 
frequent  source  of  accident.  I  was  present  at  the  inquest  on  one 
of  the  unfortunate  linemen  who  was  killed  last  year  in  New 
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York  City  by  contact  with  an  overhead  wire,  when  a  witness  who 
had  just  made  the  statement  that  he  apprehended  more  accidents 
from  the  placing  of  wires  underground  than  had  occurred  over- 
head, was  asked  if  he  was  aware  that  there  were  at  the  time  about 
100  miles  of  electric  light  wire  underground  in  New  York  City 
assigned  to  high  tension  circuits,  and  that  not  one  accident  had 
thus  far  occurred  in  the  manholes ;  to  which  he  replied  that  this 
Btate  of  things  was  explainable  in  his  opinion  by  the  fact  that  the 
electric  light  wires  underground  constituted  but  one-tenth  of  the 
electric  wires  of  the  city,  and  that  when  all  the  wires  were  under- 
ground the  accidents  in  the  subways  would  increase  in  the  same 
proportion ;  which  reply  caused  the  foreman  of  the  jury  to  re- 
mark that  the  public  would  probably  not  complain  of  an  increase 
of  accidents  from  nought  to  10  times  nought. 

I  have  already  suggested  in  another  place  that  the  fact  of  the 
wires  being  metallically  covered  may  have  conduced  to  the 
immunity  from  accidents  which  the  workmen  in  the  manholes 
have  enjoyed.  I  may  interpolate  here  that  it  is  recognized  that 
the  efficiency  of  the  manholes  would  in  many  instances  be  in- 
creased if  they  were  larger,  and  wherever  the  surrounding  con- 
dition of  the  street  will  permit,  it  is,  I  believe,  contemplated  to 
Enlarge  the  manholes. 

So  far  as  the  statement  is  concerned  that  danger  is  to  be  ap- 
prehended by  the  entrance  of  powerful  currents  into  buildings 
by  way  of  water  and  gas  pipes,  by  contact  of  a  grounded  con- 
ductor in  the  subways,  it  would  scarcely  be  worthy  of  notice  be- 
fore a  body  of  electricians,  but  for  the  persistency  with  which  it 
is  said  to  be  urged  by  men  of  prominence  in  the  electrical  pro- 
fession. It  is  conceivable  that  if  a  conductor,  within  a  building, 
should  by  accident  come  in  contact  with  a  well  insulated  gas  pipe 
also  within  a  building,  one  might  receive  a  shock  by  contact  with 
the  gas  pipe  if  in  some  manner  he  should  complete  the  circuit, 
but  in  what  manner,  in  the  event  of  a  ground  in  the  subways,  any 
dangerons  current  can  be  conveyed  to  the  inside  of  a  building  by 
means  of  gas  and  water  pipes  which  have"^the  entire  area  of  the 
city's  foundation  as  a  ground  or  return  circuit  is  more  difficult  to 
understand. 

But  whatever  may  be  the  dangers,  stated  and  unstated,  so 
freely  predicted  as  liable  to  occur  with  the  wires  underground, 
it  may  certainly  be  said  that  with  the  electric  wires  underground 
men  will  not  be  injured  by  falling  off  poles  in  the  subwajs. 
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Wires  when  in  the  subways  daring  the  prevalence  of  sleet  storms, 
etc.,  will  not  fall  upon  people  or  horses  in  the  street,  nor  be  torn 
down  by  elevated  railway  trains,  street  cars,  etc. 

GAS   IN   THB   SUBWAYS. 

In  my  opinion  the  presence  of  gas  is  the  most  serious  defect  of 
the  electrical  subways  in  cities ;  of  course  it  is  not  an  inherent 
defect  in  the  subways,  but  it  is  nevertheless  a  very  troublesome 
one,  not  only  because  of  the  danger  of  explosions  therefrom,  but 
also  because  of  its  ill  effects  upon  workmen  employed  in  the 
subways. 

As  previously  remarked,  the  ducts  used  in  the  subways  are  not 
only  joined  together  as  nearly  hermetically  as  possible,  but,  ex- 
cept in  the  case  of  distributing  ducts  they  are  laid  in  a  solid  body 
of  cement  from  manhole  to  manhole.  It  is  supposed  that  the  gas 
obtains  ingress  to  the  manholes  through  the  place  where  the  iron 
manhole  cover  rests  on  the  masonry  of  the  manhole.  But  at 
whatever  point  the  gas  enters  the  subways,  its  unwelcome  pre- 
sence is  acknowledged,  and  while  it  is  self-evident  to  any  one  who 
will  investigate  the  matter  for  himself,  and  is  actually  admitted 
by  the  gas  companies  that  the  gas  emanates  from  the  gas  mains 
in  the  streets,  nevertheless  the  subway  engineers  have  been  con- 
stantly at  work  devising  means  to  remove  the  intruder. 

To  this  end  various  methods  for  ventilating  the  subways  have 
been  suggested  and  tried,  the  most  successful  of  which  thus  far 
has  been  the  ventilation  of  the  subways  by  the  use  of  blowers 
stationed  at  intervals  along  the  subways,  and  arrangements  are 
now  in  progress  to  place  fifteen  such  blowers  in  operation  to 
cover  the  entire  subway  system. 

As  the  ducts  become  filled  with  cables,  however,  the  free  pas- 
sage of  air  through  them  is  prevented,  and  in  this  way  the  utility  * 
of  the  blowers  is  diminished.  In  order  to  evade  this  diflSculty  a 
six-inch  wrought-iron  pipe  has  been  laid  above  the  subway  ducts 
in  the  more  recently  constructed  subways.  This  large  iron  pipe 
has  openings  at  each  manhole.  The  openings  are  graduated  as 
to  their  extent  as  they  recede  from  the  source  of  the  air  pressure. 
The  larger  openings  are  at  the  points  remote  from  the  blower. 
It  is  intended  by  the  use  of  these  large  pipes  to  furnish  a  counter- 
pressure  in  the  subways  somewhat  exceeding  any  tendency  of  a 
pressure  from  the  outside — rather  than  to  produce  a  strong  cur- 
rent of  air  through  the  ducts,  and  in  this  way  to  prevent  the  in- 
gress of  gas  through  any  crevices  that  may  exist  in  the  subways. 

Digitized  by  VjOOQIC 


1890.1  -K4  VER  ON  SLSCTRIOAL  8UBWA  T8, .  08 

These  air  pipes  are  shown  in  the  drawing,  Fig.  5,  to  the  right 
of  the  distributing  ducts. 

It  has  been  frequently  suggested  that  good  results  might  fol- 
low a  suction  method  of  ventilation,  but  experience  has  shown 
that  this  would  rather  aggravate  the  evil,  as  it  would  draw  into 
the  subway  all  the  accumulated  gas  in  the  streets  besides  inviting 
a  large  leakage  from  the  gas  mains. 

The  only  beneficial  eflEect  to  the  subways  of  this  resort  to  blow- 
ers to  drive  out  the  gas  is  that  the  air  dries  up  the  ducts  and 
manholes  within  quite  a  distance  of  the  blowers. 

The  cause  of  explosions  in  the  subways  has  not  in  every 
case  been  definitely  located.  It  is  of  course  known  that  they  are 
due  primarily  to  the  ignition  of  an  accumulation  of  illuminating 
gas  mixed  with  atmospheric  air  in  the  explosive  proportions,  but 
the  difficulty  has  been  to  ascertain  by  what  means  the  gas  has 
been  ignited.  It  is  on  record  that  these  explosions  have  occurred 
in  sections  of  the  subways  in  which  there  were  at  the  time  no 
wires  whatever.  And  in  cases  where  there  have  been  live  wires 
in  the  vicinity  of  an  explosion,  tests  made  immediately  after  the 
event  have  shown  that  those  wires]'were  in  practically  perfect 
condition  as  regards  insulation.  There  are  but  three  instances  on 
record  in  which  a  defect  in  an  electric  light  cable  has  occurred 
simultaneously  with  an  explosion  in  the  subways,  and  in  one  of 
these  cases  the  defect  occurred  so  nearly  incidentally  with  the 
explosion  that  while  it  is  quite  possible  that  the  defect  may  have 
caused  the  explosion,  it — the  defect — may  have  been  due  to  me- 
chanical injury  due  to  the  explosion. 

Among  other  theories  it  has  been  suggested  that  the  gas  may 
be  ignited  by  currents  induced  in  the  lead  covering  of  alternating 
current  conductors.  This  might  be  the  case  if,  as  I  have  before 
suggested,  the  cables  were  supported  from  beam  to  beam,  as  on  a 
bridge,  on  insulated  stands,  and  if  the  lead  coverings  only  ap- 
proached each  other  at  intervals;  but  where  the  lead  coverings  of 
the  conductors  are  not  only  grounded  throughout  their  lengths 
as  in  the  subways,  but  are  also  joined  metallically,  in  fact  are 
practically  one  cable  in  the  ducts,  it  seems  uuUkely  that  a 
quantity  of  induced  electricity,  sufficient  to  produce  a  spark, 
could  be  accumulated  at  any  one  point.. 

In  the  case  of  at  least  two  explosions  in  Kew  York  City,  the 
evidence  showed  that  the  gas  in  the  subways  had  been  ignited  by 
a  lighted  lamp  or  match  in  the  vicinity  of  some  subsidiary  duct 
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connecting  with  the  subways.  In  other  instances  by  a  match  or 
lighted  cigar  thrown  in  a  manhole.  It  is  known  that  in  Chicago 
an  explosion  was  caused  in  the  subways  by  a  live  coal  from  a 
passing  fire-engine  falling  upon  the  cover  of  a  manhole. 

With  but  one  or  two  exceptions  the  explosions  have  not  injured 
the  cables  in  the  subways,  which  is  probably  due  to  the  small  and 
round  surface  which  the  cables  present. 

-  It  has  frequently  been  suggested  that  if  solid  ducts  were  em- 
ployed instead  of  tubular  ducts,  these  explosions  would  be  avoided. 
While  this  would  be,  if  correct,  a  strong  argument  in  favor  of 
solid  conduits,  that  is,  ducts  in  which  the  conductors  are  not  re- 
movable, notwithstanding  the  generally  admitted  fact  that  such 
ducts  are  not  practicable  for  subway  work  on  a  large  scale,  ex- 
perience has  demonstrated  that  explosions  have  occurred  repeat- 
edly in  manholes  and  in  small  junction  boxes  of  subway  systems 
in  which  there  were  no  hollow  ducts. 

I  may  add  that,  pending  the  installation  of  blowers  in  certain 
of  the  subways,  men  are  employed  day  and  night  opening  man- 
holes to  permit  escape  of  gas. 

I  had  intended  to  comment  briefly  on  the  comparative  expense 
of  maintenance  and  reliability  of  underground  wires  in  cities  as 
compared  with  overhead  wires,  but  as  my  paper  has  far  exceeded 
the  limits  which  I  had  placed  upon  it,  I  shall  leave  that  and  other 
features  in  abeyance  for  the  present.  Perhaps  something  bear- 
ing on  those  points  may  be  brought  out  in  the  discussion. 

The  following  are  some  of  the  rules  of  the  subways  of  New 
York  City  which  have  been  promulgated  as  precautionary 
measures  or  as  a  result  of  actual  experience. 

No  bare  ends  or  bare  portions  of  conductors,  whether  in  or  out 
of  service,  are  permitted  in  the  manholes.  Every  conductor  in 
the  manhole  is  treated  as  though  it  were  operative. 

No  joints,  except  such  as  are  protected  by  a  metallic  covering, 
are  permitted  in  the  manholes. 

No  exposed  lights  or  fires  are  allowed  in  manholes. 

All  conductors  in  manholes  are  required  to  be  arranged  sym- 
metrically around  the  walls  and  to  be  plainly  tagged  with  the 
designating  mark  of  circuit  and  the  name  of  the  owner.  One  of 
the  pictures  which  I  have,  by  the  courtesy  of  Mr.  Beckwith,  the 
Chief  Engineer  of  the  Subway  Company,  been  able  to  procure 
from  his  office,  shows  the  cables  passing  through  the  manhole  in 
rather  a  haphazard  way.     This  would  do  where  there  are  but  one 
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or  two  conductors  in  the  conduits,  but  when  the  conductors  mul- 
tiply, an  orderly  arrangement  of  them  is  essential. 

No  switch  boxes  are  allowed  in  the  manholes.  The  reason  for 
this  is  that,  in  the  first  place,  a  switch  box  for  each  company 
would  take  up  too  much  of  the  limited  room;  and  secondly,  in 
the  case  of  electric  light  circuits,  it  is  feared  that  attempts  to 
change  live  circuits  might  produce  dangerous  sparks  in  the  man-^ 
holes. 

In  conclusion,  I  think  it  may  be  said  that  the  experience  de- 
rived from  the  practical  operation  of  the  electrical  subways  of 
New  York  City  has  either  made  apparent  or  confirmed,  among 
other  things,  the  following : 

That  it  is  possible  to  successfully  operate  all  classes  of  electric 
conductors  underground  in  cities. 

That  at  least  for  conductors  conveying  high-tension  currents- 
underground  it  is  advisable  to  set  the  standard  of  insulation  high. 

•That  regular  insulation  tests  of  the  conductors  are  very  valuable. 

That  liberal  thickness  of  insulation  is  desirable  for  high-tension 
currents. 

That  it  is  unadvisable  to  place  underground  new  types  of  cable 
or  insulation  until  they  have  been  subjected  to  tests  and  condi- 
tions analogous  to  those  to  which  they  will  be  subjected  under- 
ground. 

That  for  electric  light  conductors  —  especially  distributing 
mains — many  conductors  under  one  cover  are  not  advisable  owing 
chiefly  to  the  difficulty  in  making  joints  in  such  cables. 

That  all  sharp  edges  in  ducts  should  be  avoided. 

That  until  the  gas  light  companies  are  required,  like  the  elec- 
tric light  companies,  to  maintain  their  mains  in  a  fairly  sound 
condition  underground,  a  means  of  ventilating  the  subways  should 
be  provided  simultaneously  with  the  construction  of  the  subw^ays. 

And  lastly,  that  while  other  features  may  be  accessories  thereto^ 
the  employment  of  smooth,  strong  conduits,  accessible  ducts  for 
distribution  of  the  current,  first  class  insulation,  constant  expert 
attention  to  details  and  thorough  organization  in  every  depart- 
ment, are  essential  to  the  production  of  a  successful  electrical  un- 
derground system. 
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DISOU8SION. 

The  Chairman  (Vice-President  T.  C.  Martin) : — I  am  rare  we 
must  feel  extremely  indebted  to  Mr.  Maver  for  the  very  able  and 
maBsive  paper  that  he  has  presented  to  ns  this  evening.  It  is  a 
magnificent  aggre^tion  of  data.  And  while  we  may  not  take 
the  roseate  ana  optimistic  views  that  he  does  of  the  situation,  we 
mnst  feel  that  he  has  endeavored  to  present  to  us  a  truthful 
picture  of  the  subways  of  New  York  Citv,  as  he  knows  them 
to-day.  We  shall  now  be  very  glad  indeed  to  have  a  discussion 
of  this  paper ;  and  I  would  like  it  to  be  as  expeditious  as  possible, 
as  the  evening  is  already  advanced. 

Mr.  Charles  Cuttriss  : — There  is  one  Question  I  would  like 
to  ask  of  Mr.  Maver,  that  is,  if  any  great  drop  in  insulation  has 
been  noticed  between  summer  and  winter.  As  you  know,  we 
have  in  the  Commercial  Cable  Company  a  straightaway  line  of 
some  12  miles  under  ground.  The  major  part  of  that  is  gutta- 
percha. Four  miles  of  it  is  the  Standard  lead-covered  cable. 
The  insulation  of  that  circuit  in  January  is  generally  the  greatest 
and  is  about  1,000  megohms.  In  summer  it  drops  to  about  300. 
That  is  also  observable  in  our  sea  cable  between  W  all  street  anS 
Coney  Island.  That  is  a  better  line,  and  the  drop  there  is  from 
about  1,400  to  300.  As  most  of  the  compounds  used  in  the  sub- 
ways are  either  India-rubber  or  fibre,  and  as  ours  is  gutta-percha, 
I  would  like  to  know  if  Mr.  Maver  has  any  data  which  bear  upon 
that. 

Mr.  Maver  : — As  a  matter  of  fact  the  results  have  shown  a 
higher  insulation  of  the  cables  since  the  approach  of  cold  weather ; 
and  also  in  the  case  of  new  cables.  But  whether  that  is  due  to 
the  cold  weather  or  to  improved  methods  of  making  the  joints 
and  more  experienced  workmanship,  is  a  matter  which  I  think 
another  winter  would  have  to  disclose.  I  have,  in  speaking  of 
the  matter  of  an  increased  insulation  noticeable  at  different  times, 
thought  that  perhaps  it  was  due  to  lower  temperature,  but  I  do 
not  think  there  is  as  yet  sufficient  data  to  enable  us  to  speak 
definitely  on  that  point. 

Mr.  Chas.  G.  Curtis: — I  would  like  to  ask  Mr.  Maver  if  he 
has  any  approximate  estimate  of  what  the  subways  in  New  York 
have  cost  so  far  per  mile  ? 

Mr.  Maver  : — I  think  about  $3,000  per  duct  per  mile.  I  am 
not  positive;  but  1  think  I  have  heard  that  statement. 

Mr.  Curtis  : — Can  such  ducts  as  they  are  now  laying  be  built 
on  the  average  for  something  like  $3,000  per  mile? 

Mr.  Maver  : — I  do  not  know  positively,  I  did  not  speak  by 
the  book.  I  have  heard  that  figure  mentioned,  I  think.  It  may 
be  four  or  five  thousand. 

The  Chairman  : — I  see  Mr.  Lauterbach  here.  Probably  he 
can  give  us  that  information. 

Mr.  Edward  Lauterbach  : — Of  course,  the  cost  depends  very 
much  on  the  number  of  ducts  in  a  trench.    To  dig  a  trench  and 
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lay  the  concrete,  and  have  only  one  or  two  ducts,  will  cost  very 
much  more  per  mile  than  it  will  with  eleven  or  thirteen  ducts. 
The  precise  average  has  not  been  ascertained,  I  think.  But  the 
figure  that  Mr.  lii&ver  mentioned  may  be  looked  upon  as  a  mini- 
mum — the  average  cost  per  mile  per  duct  would  not  be  less  than 
$3,000,  and  probably  exceeds  that  amount. 

Mb.  Joseph  Wbtzlbb  : — ^Mr.  Maver  in  his  opening  remarks 
stated  that  manv  people  thought  the  underground  system  in  its 
ideal  form  should  be  a  tunnel,  which  could  m  the  first  place  con> 
tain  all  gas,  water  and  other  distributing  pipes,  and  in  addition 
the  electric  wires;  and  frequently  Paris  is  held  up  as  the  ideal. 
Kow,  as  a  matter  of  fact,  Paris  having  that  iaeal  system  of 
sewera^  and  about  to  go  into  electric  lifting,  does  not  propose 
to  use  it  at  all  for  the  purpose  of  distribution ;  and  I  think  his 
remarks  in  controverting  that  idea  very  apt.  Indeed,  in  Paris 
to-day,  instead  of  the  sewers  being  full  of  wires,  as  many  people 
suppose,  there  are  probably  not  more  than  two  electric  light  high- 
tension  circuits.  These  were  laid  about  ten  years  ago,  and  are 
still  in  operation,  but  none  have  been  laid  since.  Where  they 
are  going  into  distribution  to-day,  they  are  actually  using  ducts 
which  are  built  under  the  sidewalks.  So  that  they  have  come 
also  to  see  that  the  large  sewer  system  is  not  what  it  appears  to 
be  as  a  system  of  distribution. 

Mr.  W  .  J.  Hammeb  : — I  would  like  to  ask  what  proportion  of 
electric  light  wires  in  the  subways  are  at  present  live  wires? 

Mr.  Maver  : — ^Well,  I  presume,  perhaps  95  or  perhaps  99  per 
cent.  I  do  not  think  there  are  over  10  miles  of  electric  wires  in 
the  subways  to-day  that  are  not  in  active  operation.  If  they  are 
not  in  use  it  is  simply  because  they  have,  been  recently  laid,  and 
are  in  process  of  being  connected  up. 

Mb.  Hammer  : — I  would  like  to  ask  also  if  these  wires  are 
connected  with  the  overhead  system  ?  I  presume,  in  the  case  of 
the  Stanton  street  station,  for  example,  that  the  wires  run  over- 
head some  distance  from  the  station  before  they  go  into  the 
subways. 

Mr.' Maver: — Yes;  that  is  true.  They  must  necessarily  go 
into  the  stations  by  overhead  wii^.  The  subways  do  not  extend 
to  the  stations. 

Mr.  Georges  d'Infreville  : — I  wish  to  supplement  what  Mr. 
Wetzler  has  said  about  the  system  used  in  raris,  which  is  per- 
fectly correct.  They  do  not  use  any  insulation  at  all  on  tneir 
wire.  In  fact,  they  do  not  use  wire.  They  us^  bars  of  copper, 
which  rest  on  porcelain  insulators.  This  system  is.  however,  not 
used  as  yet  to  any  great  extent. 

The  Chairman  : —There  is  one  gentleman  present  whom  I 
think  we  should  hear  from.  I  know  that  his  native  modesty 
keeps  him  quiet;  and  I  can  understand  that  there  are  other 
reasons  why  ne  is  not  particularly  anxious  to  speak.  But  his 
work  has  been  extensive,  and  so  much  greater  than  that  of  any 
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one  else  in  connection  with  the  subways,  that  as  one  of  our  mem- 
bers  I  think  he  might  giye  us  an  idea  as  to  his  opinion  of  the 
results  that  have  been  obtlkined.  I  refer  to  our  himly  esteemed 
and  highly  respected  member,  Dr.  Wheeler.  I  think  that  Dr. 
Wheeler  has  had  an  ordeal  that  very  few  of  us  would  care  to  go 
through.  And  I  tliink  that  he  has  come  out  of  it  with  credit  to 
himself,  and  that  is  perhaps  more  than  could  be  said  of  a  great 
many  who  were  subjected  to  such  conditions  as  have  prevailed  in 
this  city  under  the  regime  of  the  Board  of  Political  Control. 

Db.  Schuyler  S.  Whbelbr  : — Mr.  Chairman,  unfortunately  I 
arrived  here  just  as  Mr.  Maver  was  concluding,  and  I  am  not  ac- 
quainted with  the  matter  contained  in  his  paper,  and  therefore,  I 
hardly  feel  prepared  to  say  anything  on  the  subject.  I  feel  that 
the  matter  of  testing  underground  wires  has  been  in  the  very 
best  possible  hands,  and  so  I  nave  not  given  as  much  attention  to 
it  as  I  might  otherwise  have  done.  My  duties  have  been  con- 
fined to  tne  examination  of  overhead  wires  and  perhaps  their 
condemnation,  and  I  do  not  know  that  I  can  add  anything  to  the 
subject  of  wires  underground.  If  there  are  any  questions  that 
anybody  would  like  to  ask  me  about  overhead  wires,  I  should  be 
very  glad  to  make  an  eflfort  to  answer  them. 

Mr.  Wm.  B.  Halsey  : — I  would  like  to  ask  one  question — has 
there  been  anything  in  the  plans  of  the  New  York  subway  system 
looking  toward  the  distribution  of  district  circuits  ?  I  refer,  of 
course,  to  the  messenger  telegraph. 

Mr.  Maver  : — 1  presume  they  would  be  distributed  in  the  same 
manner  as  the  telepnone  and  telegraph  circuits.  It  is  open  to  the 
district  companies  to  avail  themselves  of  these  methods.  That 
is,  they  would  branch  off  from  the  manhole  with  their  cables  to 
the  buildings  where  they  have  their  district  boxes. 

Mr.  Halsey: — The  reason  I  ask  the  gentleman  is,  because, 
generally  the  district  companies  put  in  their  boxes  free  of  charge 
to  the  subscriber ;  and  the  consequence  is  that  the  general  cost  of 
anything  of  that  kind  would  be  a  serious  question.  What  I  was 
getting  at  was  whether  the  regulations  of  the  subway  system 
would  allow  such  a  thing,  or  whether  they  would  have  to  put  a 
special  main  in  for  each  house  ? 

Mr  Maver  : — I  think  1  have  stated  in  my  remarks  concerning 
the  telephone  and  telegraph  that  the  plan  adopted  was  to  run  the 
cable  in  the  subways  to  the  manhole  adjacent  to  the  building  or 
block  of  buildings  where  it  is  desired  to  made  connection  with 
the  customers.  Precisely  the  same  plan,  I  should  think,  could 
very  readily  be  followed  by  the  district  messenger  companies. 

In  the  first  piart  of  my  paper,  to  which  Mr.  Wetzler  has  alluded, 
I  assumed  that  a  tunnel  system  would  be  the  most  satisfactory  if 
the  cost  were  not  beyond  all  bounds ;  but  it  had  occured  to  me 
that  even  if  we  had  such  a  tunnel  on  one  side  or  in  the  middle  of 
a  street,  there  would  still  remain  to  be  furnished  a  distributing 
system.     You  would  either  have  to  pass  from  the  tunnel  in  the 
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middle  or  sides  of  the  street  or  at  street  corners  from  manholes, 
as  we  do  at  present.  But  certainly,  in  addition  to  the  tnnnel, 
there  would  necessarily  be  for  proper  distribution,  especially  of 
electric  light  currents,  a  distributing  system  such  as  is  at  present 
employed  above  the  regular  or  trunk  line  ducts.  That,  of  course, 
would  add  greatly  to  tne  cost  of  the  tunnel. 

The  Chairman  : — I  see  several  gentlemen  in  the  audience  who 
are  connected  with  arc  lighting  companies  in  this  city.  I  should 
imagine  that  they  would  nave  some  sentiments  to  express  on  such 
an  occasion  as  this. 

I  have  noticed  that  very  often  when  we  have  a  very  important 
paper,  one  which  we  think  will  elicit  the  most  valuable  informa- 
tion, it  sometimes  fails  signally  of  its  purpose.  For  some  reason 
or  another  we  seem  half  afraid  of  it.  We  have  before  us  such  a 
paper  this  evening ;  but  I  would  not  like  to  have  the  meeting 
close  without  expressing  my  own  belief  that  in  these  subway 
matters  the  companies  whicn  have  been  running  their  lines  over- 
head to  the  present  time  have  at  least  something  to  be  said  on 
their  side ;  not  so  much  by  way  of  extenuation  or  excuse,  as  by 
way  of  explanation.  Eight  or  ten  years  ago,  to  eo  no  farther 
back,  none  of  us  expected  that  this  electric  work  in  New  York 
City  would  be  done  for  a  long  time  to  come  by  other  than  over- 
head wires.  In  fact,  there  was  no  desire  expressed  anywhere  by 
anybody  for  anything  but  overhead  wires.  We  had  then  simply 
the  telegraph  and  allied  services.  If  the  overhead  wire  was  not 
run  to  lurnish  some  new  service,  the  public  grumbled  until  that 
wire  was  run.  I  think  nobody  can  deny  that.  Then  we  had  the 
telephone,  and  everybody  who  could  afford  it  wanted  telephonic 
service.  The  question  of  having  these  telephone  wires  run  under- 
ground did  not  enter  into  the  question  at  all.  The  only  trouble 
was  the  price  of  the  telephone  service.  Then  we  come  down  to 
the  period  of  the  electric  lighting  systems  and  their  introduction 
into  this  city,  a  period  of  about  a  decade.  Most  of  you  who 
were  present  in  the  city  at  that  time  know  that  there  was  not  the 
slightest  call  when  the  electric  wires  were  first  introduced  into 
this  city  for  putting  them  underground.  Everybody  said,  let  us 
have  the  electric  Heht,  it  is  a  good  thing,  and  the  wires  were 
strung  overhead.  On  somie  thoroughfares,  such  as  the  Bowerv, 
for  example,  they  were  plastered  up  so  thick  that  everybody 
wondered  whether  the  aaylight  would  ever  have  any  show 
again. 

There  was  very  little  question  as  to  insulation.  The  companies, 
I  think,  did  the  best  they  could.  They  were  pioneers.  They 
were  not  particularly  well  instructed  in  the  matter.  In  fact,  I 
do  not  think  any  of  us  were ;  and  as  pioneers,  I  think  those  early 
companies,  some  of  whose  work  remains  with  us  to  this  day,  are 
at  least  entitled  to  our  respect,  even  if  we  have  to  regret  their 
mistakes.  Just  as  long  as  our  pioneers  in  America  remain  our 
glory  and  our  promise  for  the  future,  I  do  not  think  that  we 
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have  much  occasion  to  find  fault  with  those  who  are  pioneers  of 
electric  lighting  in  this  citj^  and  therefore  practically  in  this 
country,    i  recollect  some  years  ago  the  Marquis  of  Salisbury 
ran  wires  through  his  garden,  and  in  so  doing  killed  his  gardener. 
I  am  not  aware,  however,  that  the  press  of  England  has  j^  used 
that  incident  as  the  ground  of  a  clamor  for  deposing  him  from 
his  position  as  Prime  Minister,  or  has  alluded  to  it  in  any  way  as 
derogatory  to  his  personal  and  private  character.     Had  he,  how- 
■ever,  been  connected  with  an  electric  lighting  company  in  the 
<5ity  of  New  York,  I  dread  to  think  of  the  things  that  would  have 
been  said  about  him  ;    of  what  indictments   he  would   have 
labored  under.    As  Mr.  Maver  has  told  us  this  evening,  the  elec- 
tric lighting  companies,  when  the  increase  of  the  wires  led  to  a 
public  call  for  their  being  under  ground,  were  offered  the  choice 
of  any  number  of  systems,  and  I  know  that  in  a  great  many  cases 
throughout  this  country  a  large  number  of  the  electric  lighting 
companies  put  large  sums  of  money  in  subway  work,  all  of  which 
inside  a  year  had  to  be  written  off  to  profit  and  loss.     It  need  not 
be  wondered  at  that  companies  with  such  interests  at  stake  de- 
sired to  go  slowly  and  with  fifty  or  a  hundred  systems  presented 
to  them,  each  the  best  and  the  others  all  the  worst,  it  is  not,  I 
say,  to  be  wondered  at,  that  each  company  wished  some  one  else 
would  try  the  experiment  first.      We  all  know  how  the  early 
subway  work  in  connection  with  the  electric  lighting  in  this  city 
failed.     As  I  listened  to  Mr.  Mayer's  description  of  that  this 
evening,  I  was  reminded  of  an  incident   told  me  by  a  fellow 
journalist  a  short  time  ago  in  connection  with  the  yellow  fever 
-epidemic  in  the  South.     A  youn^  man  there  who  was  quite  in- 
terested in  Free  Masonry,  told  his  friends  that  when  he  died  he 
wished  to  be  buried  in  regalia.     There  were  very  few  of  his 
friends  left  by  the  progress  of  the  epidemic,  and  the  sad  duties 
were  left  to  an  old  negro  who  was  told  to  go  to  this  man's  ward- 
robe and  take  his  re^ia  and  put  it  with  the  deceased  in  his  coffin. 
It  happened  that  this  young  man,  while  a  Mason,  was  also  a  pro- 
minent personage  in  connection  with  theMardi  Gras  festival,  and 
had  distinguished  himself  at  the  preceding  festival  by  wearing  a 
peculiarly  brilliant  and  fantastic  harlequin  costume.     You  may, 
perhaps,  imagine  the  consternation  of  his  friends,  two  or  three 
weeks  afterward,  when,  looking  over  the  young  man's  effects, 
they  found  the  Masonic  regalia — the  harlequin  costume  was  gone. 
Now,  gentlemen,  it  may  seem  a  false  parallel,  but  the  electric 
wires  of  this  city  deserved  to  be  buried  in  a  decent,  respectable 
manner,  instead  of  which  they  were  sent  before  the  great  white 
throne  of  public  opinion  in  what  I  may  speak  of  as  a  harlequin 
costume.    Within  the  last  year,  however,  tnere  has  been  an  im- 
provement, and  I  think  none  of  us  can  gainsay  the  statement  that 
Mr.  Maver  has  made,  which  shows  that  at  least  thepioneer  work 
of  the  subways  is  at  the  beginning  of  its  end.     We  have  gone 
through  the  overhead  period  for  some  eight  or  ten  years,  and  now 
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I  think  we  may  perhaps  have  a  pioneer  period  of  eight  or  ten 
years  in  the  subway  work.  But  we  are  getting  there.  I  think 
all  who  are  interested  in  the  welfare  of  this  business  are  interested 
in  seeing  the  wires  put  underground,  if  they  can  be  made  to  work 
successfully.  Mr.  Maver  has  shown  us  this  evening  how  far  the 
work  can  be  accomplished,  and  I  think  it  may  be  safely  said  that 
in  the  subway  work  of  the  future  all  those  engaged  in  it  will 
have  the  heartiest  and  best  wishes  of  the  American  Institute  of 
Electrical  Engineers. 

If  there  be  no  further  business  I  would  like  to  state  that  I 
have  been  asked  by  the  Entertainment  Committee  of  the  New 
York  Electric  Club  to  mention  that  on  Thursday  evening  Mr. 
Grosvenor  P.  Lowrey,  a  well-known  lawyer  of  this  city,  wifl  read 
a  paper  on  the  subject  of  patents  and  their  relation  to  inventors. 
Any  gentlemen  who  are  interested  in  the  subject  the  Entertain- 
ment Committee  will  be  very  glad  to  have  as  their  guests. 

I  would  also  like  to  announce  that  our  subject  for  the  March 
meeting  will  in  all  probability  be  the  Westinghouse  tests  at 
Johns  Hopkins  University.  We  all  know  the  unimpeachable 
reputation  of  that  university  in  such  matters.  But  even  if  we 
did  not,  I  think  it  would  be  sufficient  to  say  that  the  paper  will 
be  brought  before  us  by  our  Vice-President,  Dr.  Louis  Duncan. 
That  paper  will  probably  be  read  in  March.  We  have  another 
matter  on  the  programme  for  March,  but  it  will  probably  be 
carried  over  until  very  late,  or  even  into  April ;  and  that  is  a 
lecture  at  Columbia  College  by  the  kind  invitation  of  its  officers 
by  Prof.  Elihu  Thomson  on  the  phenomena  of  alternating  cur- 
rents, with  experiments.  I  have  no  doubt  that  our  President 
will  give  us  a  royal  evening  on  that  occasion. 

Mb.  James  H.  Seymoub  : — I  am  not  a  member  of  this  organ- 
ization. I  do  not  know,  that  I  have  a  right  to  speak ;  but  I  do 
want  to  raise  my  voice  in  defense  of  the  electric  industry  against 
the  public  howl  which  is  brought  forward  in  the  daily  papers. 
They  think  it  is  incumbent  upon  them  to  abuse  every  man  in 
official  position,  and  every  one  who  is  developing  the  electric  in- 
dustry. I  have  no  remembrance  of  any  industry  ever  meeting 
with  the  obstruction  and  with  the  abuse  that  the  electric  light 
business  has  met  with  in  this  city  at  the  hands  of  the  press.  The 
press  of  New  York  has  not  been  fair.  Why  it  has  not  been  I 
am  unable  to  understand.  I  am  aware  that  the  citizens  became 
annoyed  with  the  numerous  overhead  wires,  and  wished  that  they 
might  be  buried ;  and  from  that  howl,  and  through  different 
commercial  organizations  they  went  for  the  wire  question.  The 
press  has  simply  jumped  upon  the  electrical  industry  and  injured 
it  to  the  amount  oi  many  millions  of  dollars  in  the  United 
States,  and  has  impeded  its  progress.  I  think  those  who  are  con- 
nected with  it  as  an  industry  have  a  right  to  demand  that  we 
shall  have  fair  play  and  the  opportunity  to  build  a  subway  and 
to  take  care  of  the  wires  overhead,  and  if  by  carlessness  on  the 
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part  of  the  companieB  people  are  killed,  they  are  financially  re- 
sponsible, and  let  the  responsibility  rest  where  it  belongs.  Be- 
cause there  is  an  accident  from  the  overhead  wires,  it  is  not  just 
to  require  that  the  lights  must  be  shut  off  as  has  been  done  in 
this  city  during  the  holiday  season,  where  merchants  have  lost 
thousands  of  dollars  in  trade.  At  this  point  I  would  like  to  ask, 
as  Dqctor  Wheeler  invited  questions  about  the  overhead  wires, 
why  it  is  that  insulation  has  improved  so  much  in  the  last  few 
days,  from  what  it  was  when  they  were  chopping  the  wires  down 
so  recklessly.  Perhaps  the  gentleman  can  tefi  us  about  that. 
He,  I  presume,  has  come  in  for  his  share  of  abuse,  and  I  am  ready 
to  defend  him  when  it  is  required. 

Db.  Wheeler  : — I  have  been  out  of  town  during  the  last  week. 

The  Chairman  : — I  think  we  ought  to  be  extremely  glad  that 
Mr.  Seymour  is  with  us  this  evening,  and  has  had  the  courage  to 
speak  on  the  action  of  the  press  in  the  manner  in  which  he  has. 
He  said  not  a  word  but  what  was  strictly  true  Our  industry 
was  treated  in  the  manner  that  he  describes,  but  the  industry  will 
survive,  and  I  have  sufficient  respect  and  confidence  in  the  great 
ioumals  of  New  York  Citv  to  know  that  they  will  be  with  us. 
Their  own  future  forbids  them  being  against  us. 

Dr.  Wheeler: — As  the  subject  is  rather  serious,  I  think  I  had 
better  make  a  more  careful  answer  to  the  last  question.  As  I 
understand  the  question,  it  is  this.  Why  have  the  companies 
found  that  within  the  last  week  their  wires  are  safe  enough  to 
light  up,  while  before  they  were  not  safe  enough  ?  Well  there 
has  not  been  any  difference  in  the  safety  of  the  wires,  but  from 
the  time  that  they  have  been  shut  down,  some  months  ago,  the 
companies  have  been  unwilling  to  take  the  risk  of  running,  be- 
cause they  were  ordered  to  discontinue  the  use  of  their  wires 
until  the  electric  adviser  of  the  subway  commission  would  certify 
that  the  wires  were  safe.  Of  course,  I  do  not  think  anybody 
would  undertake  to  go  into  the  insurance  business  for  all  the 
wires  in  the  city,  and  therefore  the  wires  have  not  been  declared 
safe.  The  companies  were  informed  that  the  wires  would  all  be 
examined  as  rapidly  as  possible,  and  that  it  would  be  necessary 
to  examine  them  very  carefully  inch  by  inch ;  and  that  as  soon 
as  any  wires  were  found  that  were  safe  the  companies  would  be 
notified.  The  companies  then,  after  talking  tne  matter  over, 
decided  to  go  ahead  and  try  to  make  some  wires  safe,  and  they 
came  to  the  Board  of  Electrical  Control  and  asked  that  some 
wires  which  they  thought  were  pretty  good  should  be  examined. 
These  wires  were  examined,  and  after  going  over  them  for  a  very 
small  part  of  the  whole  distance  a  number  of  features  about  the 
wires  were  found  which  could  be  improved ;  that  is,  improved 
in  an  essential  respect,  and  the  companies  were  informed  that  as 
the  resolution  of  the  board  required  that  the  wires  should  be  de- 
clared safe,  it  was  not  reasonable  to  expect  that  those  wires  would 
be  declared  safe  as  long  as  they  were  in  a  condition  that  coxdd 
obviously  be  improved.    The  companies  then  said  that  they  did 
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not  think  that  they  could  bring  them  into  such  a  condition ;  that 
the  changes  required  were  not  such  that  they  could  bring  about, 
and  they  stopped  work  for  awhile  Within  the  laat  few  days 
they  have  evidently  made  up  their  minds  that  they  would  take 
the  responsibility  of  running  their  wires;  and  they  have  started 
up  one  of  their  stations,  and  lighted  certain  lamps.  A  good 
many  of  them  are  using  their  cables  which  they  put  in  the  sub- 
ways, some  of  the  cables  being  put  in  since  the  lines  were  cut 
down,  but  the  companies  are  simply  going  ahead  and  taking  the 
risk  themselves,  which  I  think  they  are  quite  sensible  in  doing. 
Before,  they  were  not  willing  to  take  this  risk,  but  now  they  are. 
The  public  clamor  has  subsided  to  a  certain  extent  and  they  are 
simply  using  their  wires. 

ilB.  Seymoub  : — Are  the  companies  conducting  their  business 
without  the  Board  of  Electrical  Control's  permission? 

Dr.  Wheeleb  : — Do  you  mean  to  say  permission  in  respect  to 
the  Board  declarins?  that  the  wires  are  safe  ? 

Mr.  Seymour: — No  sir.  Permission  from  the  Board  of 
Electrical  Control  to  go  on  and  do  the  lighting,  as  the  public 
understand  that  they  were  shut  down  by  order  of  the  Board  of 
Electrical  Control.  I  want  to  know  whether  they  liave  gone  to 
work  without  the  permission  of  the  Board  of  Electrical  Control 
or  not. 

Dr.  Wheeler  :— I  do  not  understand  that  the  Board  of  Elec- 
trical Control  has  ever  refused  permission  to  any  company  to 
carry  on  the  electrical  business.  The  board  simply  passed  a  reso- 
lution at  one  time  requiring  the  companies  to  cease  the  use  of 
such  wires  as  were  not  properly  insulated,  and  until  they  could 
procure  a  certificate  from  the  expert  of  the  board  that  the  wires 
were  insulated  and  safe.  They  have  not  secured  such  a  certi- 
ficate, and  they  have  made  some  effort  which  would  prevent 
wires  from  passing  an  examination,  and  the  matter  lay  in  that 
condition  sometime  until  within  the  last  few  days.  Sow  they 
have  decided  that  they  will  take  the  chance  of  whether  the  wires 
are  safe  or  not — a  position  which  is  quite  natural  for  them  to 
take ;  and  I  should  say  quite  sensible,  because  I  do  not  think 
anybody  could  undertake  to  guarantee  that  all  their  wires  are 
safe.  They  are  simply  operating  them  themselves,  and  if  their 
wires  are  proven  to  oe  unsafe,  as  shown  by  any  accident,  they  will 
simply  be  responsible  for  operating  such  wires.  The  board  has 
not  declared  that  any  company  shall  not  carry  on  its  business — 
that  is,  as  I  understand  it.  1  do  not  undertake  the  legal  part  of  the 
business ;  but  I  do  not  think  that  there  is  any  dispute  about  that. 

Mb.  Seyhoub: — Then  I  understand  that  the  companies  are 
going  on  and  ignoring  the  Board  of  Electrical  Control.  If  one 
company  has  that  right  they  all  have  that  right.  If  they  are 
taking  that  position  flie  Board  of  Electrical  Control  will  practi- 
cally have  to  take  a  back  seat.  If  the  companies  now  are 
stronger  and  more  important  and  are  simply  deiying  the  Board 
of  Electrical  Control,  why  we  must  know  it.  ^         , 
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De.  Whekleb  : — I  do  not  think  the  companies  have  anj  inten- 
tion of  defying  the  Board  of  Electrical  Control,  and  I  do  not 
think  that  the  board  has  any  idea  of  taking  a  back  seat.  The 
board  passed  that  resolution  evidently  with  the  intention  of 
really  placing  the  responsibility  where  it  shonld  be.  As  there 
was  a  question  at  the  time  of  who  was  acconntable,  and  to  make 
that  perfectly  clear,  the  board  passed  a  resolution  that  no  unsafe 
wire  should  be  operated.  If  the  companies  choose  to  go  on  oper- 
ating wires,  and  they  are  unsafe,  then  the  companies  are  respon- 
sible, and  if  any  harm  results,  they  must  answer  for  it. 

Mr.  Seymoub  : — They  had  that  responsibility  before. 

Db.  Wheeler  : — Oh,  yes.  But  there  was  a  good  deal  of  mis- 
understanding. There  were  a  great  many  of  the  newspapers  which 
seemed  to  think  that  the  board  was  responsible.  And  the  board 
tried  to  make  its  position  perfectly  clear  by  simply  passing 
that  resolution. 

Mr.  Seymour  : — I  think  the  fact  has  come  out  that  the  author- 
ity to  destroy  the  property  of  electric  companies  does  not  exist 
in  the  Board  of  Electrical  Control,  or  any  other  board ;  and  they 
have  probably  taken  a  different  view  of  that  question.  There  • 
are  other  ways  of  stopping  business  than  by  destroying  property ; 
and  the  fact  that  the  city  would  be  responsible  for  the  destruction 
of  property  probably  modified  their  views  in  the  Board  of  Elec- 
trical Control.  I  Hkc  to  get  at  the  facts  in  these  matters,  and  to 
defend  our  business. 

Mr.  Curtis  : — It  seems  to  me  that  one  of  the  most  important 
questions  that  has  come  up  to-night  has  been  the  question  of  the 
comparative  cost  of  tunnels,  and  what  are  called  subways.  Mr. 
Maver  has  instituted  a  comparison  between  the  cost  of  tunnels  for 
New  York  and  the  cost  of  subways,  and  the  general  conclusion 
from  what  I  have  heard  to-night  seems  to  me  to  be  that  tunnels 
would  cost  about  $450,000  per  mile,  and  subways  would  cost 
something  like  $3,000  per  duct  per  mile.  I  cannot  see  why  there 
should  be  such  a  great  difference  between  the  cost  of  subways 
and  the  cost  of  tunnels.  Of  course,  there  is  a  great  difference— a 
tunnel  requires  a  larger  excavation,  and  it  requires  building  the 
walls  of  very  much  heavier  material,  and  it  requires  special  re- 
moval and  replacing  of  all  the  gas  mains  or  electric  wires  which 
are  there  at  present,  also  water  mains  and  steam  conduits.  But 
as  far  as  the  cost  of  the  tunnel  itself  is  concerned,  I  do  not  see 
why  that  should  be  very  much  greater  than  the  cost  of  the  more 
expensive  or  more  improved  forms  of  subways.  The  advantage 
of  tunnels  in  several  respects  is  certainly  very  great.  Service 
connections  to  the  house  can  be  made  simply  by  boring  through 
the  walls  of  the  tunnel  right  into  the  front  cellar  of  the  house. 
The  water  pipes  and  the  gas  pipes  and  anything  that  comes  along 
in  the  nature  of  a  new  system — probably  something  will  come  along 
in  a  few  years— can  be  introduced  in  the  same  way.  When  you 
consider  the  saving  of  cost  that  can  be  realized  in  the  next  five  or 
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ten  years  in  the  replacing  of  the  old  gas  pipes  and  the  old  water 
pipes  and  the  fixing  of  the  sewers,  and  the  constant  shifting  and 
adding  to  and  testing  of  the  electric  light  wires  and  electric  wires 
of  all  kinds  that  would  be  necessary  in  order  to  keep  such  a 
system  in  working  order,  it  seems  to  me,  if  it  did  cost  something 
like  $450,000  a  mile,  at  the  outset,  it  is  not  to  be  thrown  out  of 
consideration  at  all.  If  thirty  years  ^o  somebody  had  said,  in 
answer  to  the  proposition  to  connect  ISew  York  and  Brooklyn  by 
a  bridge,  that  such  a  bridge  would  cost  fifteen  millions  of  dollars, 
that  would  have  settled  it.  But  capital  was  forthcoming.  And 
I  do  not  see  why,  in  the  greatest  city  of  this  country,  capital 
should  not  be  forthcoming  to  put  the  subways  or  tunnels,  or  what- 
ever they  are,  in  condition  to  give  the  most  desirable  serWce  possi- 
ble. It  seems  to  me  it  is  largely  a  financial  question.  I  do  not 
myself  see  how  any  satisfaction  can  be  got  by  the  public  or  by 
private  interests  out  of  the  present  way  oi  operating  the  wires  by 
private  corporations.  It  seems  to  me  a  very  remarkable  state  of 
affairs  that  a  private  corporation  should  be  allowed  to  have  a 
monopoly  of  building  subways  for  all  kinds  of  electric  wires,  and 
that  a  Board  of  Electrical  Control,  or  anybody  for  that  matter, 
should  have  the  authority  to  compel  people  to  put  them  into 
those  ducts.  Because  it  amounts  to  an  authority,  they  will  not 
allow  them  to  use  them  unless  they  put  them  underground. 
There  are  no  other  underground  conduits  so  they  have  got  to  go 
there,  and  it  is  a  very  remarkable  state  of  affairs  that  the  company 
has  got  to  put  its  wires  underground  in  conduits,  but  cannot 
guarantee  their  working  or  take  care  of  them  properly.  It 
appears  to  me  that  much  the  best  plan  is  for  the  city  to  put  the 
streets  in  such  a  condition  that  all  kinds  of  service  —gas,  electricity, 
whatever  it  is  —can  be  had  to  the  best  advantage,  even  thougli 
it  may  cost  a  great  many  millions  ;  [  think  Mr.  Maver  said  that  in 
the  principal  streets  to  replace  tlie  present  subways  by  tunnels 
would  cost  in  the  neighborhood  of  thirty  millions.  Well,  if  it 
cost  thirty  millions  to  give  New  York  a  system  of  water,  gas, 
electric  light,  steam  heat  and  sewerage,  where  there  will  be  per- 
fect access  to  the  houses  and  where  it  will  accommodate  all  these 
forms  of  supply,  it  would  be  a  very  desirable  thing,  and  it  would 
well  repay  such  an  investment.  It,  perhaps,  costs  several  hundred 
thousand  dollars  a  mile  to  pave  a  wide  street  in  the  best  style,  but 
a  fine  pavement  is  very  important,  and  it  is  also  most  important 
that  a  city  should  be  supplied  with  its  light  in  the  most  conven- 
ient way.  I  tliink  we  ought  to  look  far  anead  in  this  matter  and 
not  consider  whether  the  cost  is  three  thousand  dollars  or  one 
hundred  thousand  dollars  per  mile.  Of  course,  it  is  impossible 
to  judge  what  the  consequences  have  been;  and  they  do  not  fur- 
nish us  with  the  means  of  arriving  at  any  conclusion  But, 
although  it  is  a  very  old  idea,  noboJf  has  advocated  with  any 
emphasis  at  all  the  best  investment  of  sufficient  capital  to  obtain 
the  best  means  of  supply  for  all  these  conveniences. 
Adjourned. 
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A  paptr  read  be/or t  th*  A  merican  IntiituU  of  Electt  iexl 
Engintersy  New  York.  March  iS,  iScfo^  and  dis- 
cussion thereon.     Vice-President  Upton  in  the  chair. 


SOME  TESTS   ON  THE  EFFICIENCY  OF  ALTERNA- 
TING. CURRENT  APPARATUS. 

BY  DB.  LOUIS  DUNCAN  AND  MR.  W.  F.  C  HAS80N. 


Several  papers  have  appeared  lately  on  the  efficiency  of  alter- 
nating current  transformers,  some  of  which  have  been  of  a  more 
or  less  theoretical  nature,  while  others  have  given  the  results  of 
actual  tests.  I  have  never,  however,  seen  any  tests  on  alternating 
current  dynamos,  excepting  the  experiments  made  by  Dr.  Hop- 
kinson  and  Professor  Adams  on  a  de  Meritens  machine  used  for 
lighthouse  work.  Even  the  converter  tests  have  given  such 
varying  results  that  one  can  hardly  be  certain  as  to  the  real 
efficiency. 

The  introduction  of  the  alternating  system  has  been  so  rapid 
and  is  so  rapidly  increasing  that  people  are  apparently  well 
enough  pleased  with  the  results  not  to  bother  about  the  smaller 
question  of  the  reasons  for  them.  But  whatever  the  results  may 
be,  it  is  of  value  to  know  just  where  the  losses  in  any  system  may 
come  in,  so  that  we  may  seek  how  to  avoid  them  ;  if  we  are  suc- 
ceeding, it  may  enable  us  to  increase  the  profits, — if  we  are  los- 
ing, it  may  help  us  to  avoid  further  loss. 

The  apparatus,  the  measurement  of  which  is  the  main  subject 
of  this  paper,  consisted  of  a  Westinghouse  750  light  No.  1 
dynamo,  with  a  No.  2  exciter  and  an  outfit  of  40-light  converters. 
This  apparatus  had  been  presented  by  the  Westinghouse  Electric 
Company  to  the  Johns  Hopkins  University,  and  was  tested  a 
couple  of  months  ago.  The  workmanship  of  the  machines  is 
excellent. 

The  plant  consisted  of  a  75  h.  p.  Armington  k,  Sims  engine 
driving  the  dynamo  and  exciter  through  a  Tatham  transmission 
dynamometer.  Engine,  dynamometer  and  dynamos  were  firmly 
secured  to  heavy  parallel  timbers  which  served  as  a  foundation. 
The  converters  were  banked  on  a  wooden  framework  at  a  distance 
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of  some  thirty  yards  from  the  dynamo,  and  their  primaries  were 
permanently  secured  to  the  dynamo  circuit,  a  switch  in  the  latter 
serving  to  cut  them  oflE  when  desired.  The  ammeter  belonging 
to  the  plant  was  put  in  this  circuit  and  was  read  when  efficiency 
measurements  were  being  taken.  The  secondaries  of  the  con- 
verters were  taken  to  a  switch-board  and  then  to  incandescent 
lamps  mounted  on  racks. 

Power  raeasurements, — The  Armington  &  Sims  engine  sup- 
plying the  power  worked  regularly  and  satisfactorily  and  the 
governor  could  be  adjusted  to  give  the  speed  required  at  the 
dynamo.  The  Tatham  dynamometer  was  the  one  used  for  power 
measurements  at  the  Electrical  Exhibition,  held  in  Philadelphia, 
in  1 884,  where  its  accuracy  was  checked  by  making  with  it  a  de- 

W 


Fig.  1. 
termination  of  the  mechanical  equivalent  of  heat.  The  result 
obtained  in  the  latter  measurement  was  772.8  foot  pounds  per 
degree  Fahr.,  and  shows  that  the  dynamometer  is  practically 
accurate.  A  description  of  the  experiments  and  of  the  instru- 
ment may  be  found  in  the  report  of  the  test  made  to  the  Frank- 
lin Institute,  but  it  will  not  be  out  of  place  to  briefly  describe 
the  apf)aratu8  here. 

An  endless  belt,  as  shown  in  Fig.  1,  passes  over  the  driven  pul- 
ley, s,  to  the  shaft  of  which  the  engine  is  belted,  round  the  pulleys 
Sg  and  B,  to  the  driving  pulley  a,  and  back  over  b^  and  Sj  to  s, 
again.  The  bearings  of  the  pulleys  b  and  Bj  are  in  cradles 
pivoted  on  knife  edges,  c,  at  their  outer  ends,  and  at  the  inner 
ends  are  connected  by  links  at  equal  distances  on  the  two  sides  of 
a  knife  edge  which  supports  the  scale  beam  w.  The  outer  side 
of  the  belt  passes  through  the  line  of  the  knife  edges,  c,  and 
therefore  has  no  effect  on  the  scale  beam,  but  the  tensions  of  the 
inner  parts  of  the  belt  act  directly  on  the  scale  beam,  and  as  they 
are  on  opposite  sides  of  the  fulcrum  they  act  against  one  another. 
The  beam  is  so  graduated  that  this  difference  of  tension  is  read 
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oflE  directly  in  pounds,  and  this  quantity — the  difference  of  ten- 
sion of  the  belt  on  the  two  sides  of  a — multiplied  by  its  circum- 
ference and  speed,  gives  the  horse-power  delivered.  A  weight 
travels  on  the  beam,  w,  and  readings  can  be  taken  with  great 
accuracy. 

Electrical  medsuremerUs. — The  energy  in  the  secondary  circuit 
was  measured  by  means  of  a  Cardew  voltmeter  and  a  Thomson 
ampere  balance.  As  it  is  not  the  custom  to  put  a  number  of 
secondaries  in  parallel,  each  converter  had  its  separate  lamp 
circuit. 

Before  making  an  efficiency  test,  the  potential  diflEerence  in  the 
primary  was  regulated, — there  being  a  Cardew  voltmeter  in  that 
circuit,^ — and  a  separate  measurement  of  the  potential  diflEerence 
and  current  in  each  secondary  circuit  was  made.  When  the  test 
was  actually  in  progress  the  voltmeter  and  ampere  balance  were 
used  in  one  of  the  circuits  and  the  currents  and  p.  d.'s  in  the 
others  were  calculated  from  the  readings  in  this  circuit  together 
with  the  previous  measurements.  •  Both  the  voltmeter  and  ampere 
balance  were  accurately  calibrated,  the  former  being  checked 
after  each  test,  while  the  latter  had  its  constant  determined  with 
both  continuous  and  alternating  currents.  The  p.  d.  at  the  ter- 
minals of  a  non-inductive  german-silver  lesistance  in  circuit  with 
the  balance  was  observed,  when  a  continuous  current  was  flowing, 
and  also  with  an  alternating  current  of  the  same  period  as  that 
employed  in  the  test.  The  current  in  each  case  was  calculated 
from  the  resistance  and  p.  d.,  and  the  results  gave  no  appreciable 
difference  in  the  constant  for  continuous  and  alternating  currents. 

The  following  tables  show  at  once  the  order  in  which  the  tests 
were  carried  out  and  the  results : 

HoBSB- Power  Absorbed  at  Vabytng  E.  M.  P.'s. 


Horse-power  for  exciter,  field  not  made. 
•'  **       **       field  made   . . 

"  *■  dynamo  alone 

*'  **  dynamo  and  exciter . . . 


*'  primaries  o\ 


converters  on. 


E.  M.  F.        H.  P 


Dynamo  Exciter 


0 

0 

0 

0 

0 

1876 

1168 

1099 

1040 

1216 

1171 

1107 

1048 


0 
110 

0 

107 
124 
104 
105 
105 
105 
104 
104 
104 


uigiTizea  dv 


.84 
.75 
2.78 
8.04 
8.51 
12.5 
10.1 
9.60 
9.0 
12.0 
11.8 
11.12 
10.64 
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Tablv  of  Epficibhct  at  Vartiko  Loads 


2 

Ezater. 

Dynamo 
primary 

Convertcri 

1-^ 

!1 

1 

x 

II 

a 

S 
u 

1 

u 

c 

V 

105 

9.4 

,  1107 

10. 

49  5 

158.9 

l".2l 

21.88 

11.62 

46.8? 

S 

104 

10.5 

1107 

18.9 

49  6 

338.4 

22  5  i 

84.4 

11.90 

65.45? 

M 

101 

11 

1118 

28. « 

5».o 

f20.7 

84.9 

48.0 

13.1 

72.7$ 

Full 

119 

11.5 

1128 

:^8.1 

50.9 

7.i9.8 

5U.48 

64.44 

1«.»6 

78.3$ 

Efficiency  of  Converters. 

^o,  8.    40-llfjkt  Convert sr. 


No,  of 
lamps. 

Volts                Waits  in 
secondary. 

Loss  in 
watts. 

IxMsin 
iron 

Efficiency. 

40 

50.0                    2001 

50.9                     0 

109 

84 

94.8 

0 

84 

No.  4.     20light  Converter. 


No.  of 
Lamps 


20 

15 

10 

5 

0 


Volu.       !     Wa'? »" 

secondary . 


48.8 

5t?.2 

50.8 

51.44 

52.3 


952 

817 

506 

264 

0 


Loss  in 

watts  in 

secondary. 


106. 
114.8 
lol  7 
109.4 
110.5 


iron, 
watts. 


Efficiency . 


95.2 

108.9 

99..2 

108  7 

110.5 


90.0J? 

87  6j.' 

83  3V 

70.7? 

0.  >- 


The  eflSciency  of  the  converters  was  measured  by  placing  tliem 
in  a  metal  calorimeter,  between  the  double  walls  of  which  water 
was  allowed  to  flow.  The  temperatures  of  exit  and  entrance 
were  observed,  as  well  as  the  weight  of  water  which  passed 
through  ;  at  the  same  time  the  current  and  p.  n.  in  the  secondary 
circuit  of  the  converter  were  measured.  A  separate  observation 
gave  the  radiation,  which  was  of  course  allowed  for,  although  it 
was  made  as  small  as  possible.  A  number  of  converters  were 
experimented  on  but  I  give  but  two  of  them ;  a  40-lighter,  such 
as  was  used  in  the  tests,  and  a  20-light  converter  which  was  very 
carefully  tested  by  two  of  my  students,  Messrs.  Bliss  and  McKeen. 
In  the  latter  case  the  observations  were  made  at  slightly  different 
p.  D.'s,  and  the  results  show  that  the  loss  in  the  iron  varies  as  we 
would  expect  it  to  vary,  that  is,  very  nearly  as  the  square  of  the 
voltage.  The  variation  will  not  be  exact,  as  the  losses  due  to  the 
reversal  of  magnetism  do  not  vary  quite  as  fast  as  the  square  of 
the  induction. 
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I  would  like  here  to  call  attention  to  the  fact  that  in  an  ex- 
cellent paper  read  before  this  Institute,  Professor  Ryan,  of  Cor- 
nell, found  that  the  losses  in  the  iron  of  a  10-light  converter 
decreased  greatly  as  the  load  increased.  This  was  accounted  for 
by  the  fact  that  there  was  a  jar  (evidenced  by  the  singing  of  the 
converter)  at  the  higher  loads,  due  to  the  attractions  of  the  secon- 
dary and  primary  coils.  While  it  is  true  that  the  losses  in  the 
cores  of  very  small  converters  are  not  exactly  constant,  yet  they 
are  nearly  so,  and  a  large  part  of  the  decrease  found  by  Professor 
Ryan  is  due  to  the  voltage  being  greater  at  the  low  than  at  the 
high  loads. 

Looking  now  at  the  figures  given  in  the  tables  we  are  struck 
by  two  things ;  the  very  large  amount  of  power  absorbed  in  the 
core  of  the  armature,  and  the  very  small  loss  in  the  converters 


MIDNIGHT  TO  NOON 


NOON  TO  MIDNIGHT 


Fig.  2. 

on  open  circuit.  The  dynamo  losses  due  to  reversals  of  magnet- 
ism and  eddy  currents,  at  the  £.  m.  f.  used  in  the  test  are  no  less 
than  6  h.  p.,  while  the  energy  due  to  reversal  of  magnetism  and 
eddy  currents  in  the  16  converters  is  only  1.6  h.  p.  Another 
rather  striking  thing  is  the  almost  constant  ratio  of  primary  and 
secondary  currents  over  a  considerable  range.  The  maximum 
eflSciency  is  about  78  per  cent.  It  would  seem  that  the  losses 
could  be  divided  into  a  constant  part,  and  one  varying  with  the 
current,  but  this  is  not  true  with  the  older  style  and  smaller  con- 
verters of  the  Westinghouse  company. 

Suppose  we  have  a  plant  such  as  is  described  above,  and  use  it 
for  commercial  lighting.  Taking  data  from  one  of  the  local 
companies  employed  in  supplying  incandescent  lights  on  this 
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system  we  have,  for  two  2,500  light  dynamos,  the  following  out- 
fit of  converters : — 


Size  of 

Capacity. 

Number 

Total 

Converters. 

in  use. 

Lamps 

No.  1. 

5  16  c.  p.  lamps. 

44 

22U 

No.  2. 

10      "            « 

«1 

610 

No.  4. 

2ii       «            " 

43 

860 

No.  6. 

30       "            " 

49 

1,470 

No.  8. 

40      "            " 

64 

2,560 

Total  lamp  capacity 5,720 

Number  of  lamps  supplied ....  4,557 

I  understand  that  the  converters  being  added  are  of  the  larger 
sizes. 

The  efficiency  of  the  30-light  converters  does  not  differ  greatly 
from  that  of  the  40  lighters.  The  accompanying  Fig.  2,  is  a  load 
diagram  of  this  plant,  selected  from  a  number  of  diagrams  as 
giving  a  fair  average  curve.  If  in  our  75< '-light  plant  we  are  to 
work  our  dynamo  to  its  full  capacity,  then  from  the  above  ratio 
of  converter  capacity  to  lamps  supplied  we  would  need  con- 
verters for  about  9^0  lamps;  say  23  forty-light  converters. 

If,  as  in  our  test  plant,  these  converters  are  4(»-lighter«2,  or  30- 
lighters — for  the  efficiency  of  these  two  sizes  is  about  the  same — 
we  would  have  a  mean  loss  in  our  plant  of,  say,  10  h.  p.  in  our 
dynamos  (9.6  -(-  (?'  jB),  and  in  the  converters  about  3  h.  p.  (2.3 
-(-  C^  li);  or  all  together  about  13  h.  p.  From  the  above  table 
we  will  have  750  lamps  supplied,  and  taking  the  data  from  the 
load  curve  the  average  lamp  load  would  correspond  to  about 
20  h.  p.,  and  the  efficiency  of  the  plant  for  24  hours  would  be 
IJ  =  61  per  cent.,  minus  the  percentage  of  loss  on  the  lines. 
This,  in  a  properly  installed  system,  should  not  average  two  per 
cent.,  so  that  the  final  efficiency  would  be  59  per  cent. 

A  continuous  current  dynamo  supplying  the  same  outfit  of 
lamps,  with  a  maximum  loss  in  the  mains  of,  say,  15  per  cent., 
would  have  a  greater  average  efficiency.  But  I  wish  to  point 
out  that  the  maximum  efficiency  of  the  two  plants  would  be  about 
the  same,  so  that  they  would  require  the  same  capacity  of  station 
outfit,  boilers,  engines,  dynamos,  etc.  When  more  than  one 
dynamo  is  provided,  the  efficiency  of  the  alternating  plant  is  in- 
creased by  using  only  one  of  them  during  the  times  of  minimum 
supply,  and  always  working  as  far  as  possible  only  a  little  below 
the  maximum  capacity  of  the  machines. 
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Let  hb  consider  these  restilts  in  view  of  the  present  condition 
of  incandescent  light  distribution  in  the  United  States.  I  take  it 
that  what  may  be  called  domestic  electric  lighting  is  largely  a 
matter  of  the  future — it  is  certainly  not  a  matter  of  the  present. 
The  majority — the  great  majority — of  the  lights  in  use  are  in 
shops,  saloons,  theatres,  oflSces,  etc.  Most  of  the  lights  wired 
are  in  use  at  one  time  or  another  during  the  24  hours,  and  the 
proportion  of  energy  supplied  to  the  total  capacity  of  the  lamps 
connected  is  much  greater  than  it  would  be  in  the  case  of  house 
lighting,  where,  on  the  average,  only  a  small  fraction  of  the  pos- 
sible lamp-hours  are  actually  in  use.  Under  these  circumstancea 
the  scheme  of  alternating  current  distribution  is  very  diflEerent 
from  what  it  will  be  when  the  attempt  is  made  to  supply  an 
entire  city  with  light,  as  they  are  attempting  to  supply  London 
at  the  present  time. 

If  the  object  of  the  lighting  company  is  to  supply  the  demand 
that  exists  at  present,  then  a  system  employing  a  number  of  small 
converters  is  preferable.  Such  a  system  is  flexible  and  can  be 
installed  with  a  minimum  expense  for  the  more  or  less  scattered 
demand  which  is  presented  in  even  the  most  closely  settled  town. 
I  take  it  that  this  is  the  great  diflEerence  between  the  alternating 
and  direct  systems  as  at  present  installed  in  this  country.  The 
former  skims  over  an  extended  district,  taking  advantage  of  its 
great  flexibility  to  absorb  any  business  which  can  be  got ;  while 
the  latter  settles  itself  in  a  densely  built  centre,  installs  a  larger 
plant  than  is  primarily  demanded,  and  works  up  a  business 
within  the  limits  of  economical  distribution.  Therefore,  it  is 
hardly  right  to  compare  the  present  systems  of  direct  and  alter- 
nating supply,  as  the  latter  has  not  been  reduced  to  a  point  where 
entire  districts  are  to  be  supplied. 

To  show  the  disadvantage  of  the  present  system  for  domestic 
supply,  suppose  we  have  an  ordinary  house  such  as  one  of  us 
would  live  in ;  it  would  be  necessary  to  have  a  converter  of  at 
least  20  light  capacity.  The  constant  loss  is,  say,  100  watts ;  so, 
leaving  out  the  C"  R  loss,  we  would  have  a  total  loss  in  24  hours, 
of  V^>  ^^  about  3  h.  p.  hours,  corresponding  to,  say,  45  lamp 
hours.  Taking  my  own  experience  the  actual  number  of  lamp 
hours  used  is  about  80  lamp  hours  during  24  hours,  so  the  effici- 
ency of  the  converter  would  be  something  like  fy  —  40  per  cent. 
It  is  evident  that  unless  the  losses  in  converters  can  be  greatly 
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decreased,  a  house-to-house  distribution  with  a  converter  in  each 
house  would  hardly  pay. 

It  would  seem,  then,  that  when  gas  is  to  be  displaced  and 
serious  competition  with  it  is  to  be  attempted  a  different  systeui 
of  distribution  will  be  worked  out.  We  must  replace  the  numer- 
ous small  converters  with  one  large  converter  supplying  a  com- 
paratively extended  district,  thus  decreasing  the  total  converter 
capacity  since  the  law  of  average  can  be  taken  advantage  of,  and 
greatly  increasing  the  eflSciency.  If  an  extended  secondary  net- 
work is  employed,  some  of  the  converters  may  be  disconnected 
from  the  mains  at  the  time  of  minimum  demand. 

Let  us  inquire  for  a  moment  how  the  increase  in  the  capacity 
of  converters  will  modify  the  designs  with  which  we  are  familiar. 
In  the  first  place,  if  we  increase  the  linear  dimensions  of  any  type, 
since  the  radiating  surface  only  increases  as  the  square  while  the 
volume  increases  as  the  cube  of  the  dimension,  then  we  cannot 
suffer  the  same  loss  per  cubic  centimeter  of  iron  for  the  large 
as  for  the  small  sizes.  We  must  decrease  the  intensity  of  mag- 
netization or  we  must  decrease  the  periodicity. 

Let  us  take  a  typical  case.  Suppose  we  have  a  transformer 
and  double  all  of  its  dimensions.  If  we  employ  the  same  induc- 
tion W3  will  need  but  one  quarter  the  number  of  turns  in  the 
coils,  and  as  the  cross-section  of  the  space  occupied  by  the  wire 
is  fou!*  times  as  great,  the  area  of  the  wire  may  be  sixteen  times 
as  much.  As  the  length  is  twice  as  great,  the  resistance  in  this 
case  is  one-eighth.  But  the  losses  in  the  iron  are,  roughly,  eight 
times  as  great ;  this  we  cannot  allow,  since  the  radiating  surface 
is  but  four  times  as  great ;  hence  we  must  diminish  the  induction. 
In  fact  we  must  so  arrange  things  that  the  loss  in  the  larger  con- 
verter is  only  four  times  that  in  the  smaller,  in  order  to  work  at 
the  same  temperature.  As  at  the  low  induction  used  the  loss 
due  to  hysteresis  varies  nearly  as  the  square  of  the  induction, 
we  may  take  it  roughly  that  the  large  converter  should  have  an 
induction  of  three-quarters  of  the  smaller  one.  This  will  modify 
our  figures.  Instead  of  one-quarter  the  number  of  turns  we  will 
have  one-third,  and  the  resistance  of  the  coils  will  be  one-sixth 
instead  of  one  eighth,  as  we  can  allow  four  times  the  loss  that  we 
suffered  before,  we  can  have,  roughly,  five  times  the  output. 

As  a  total  result  we  have  five  times  the  output  with  four  times 
the  loss,  or,  as  the  G^  R  effect  is  not  important  as  compared  with 
the  other  losses,  we  can  have  six  times  the  output  M'ith  the  same 
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fall  of  potential  in  the  secondary.  That  is,  the  efficiency  of  the 
larger  converters  will  be  greater  than  the  smaller  ones  of  the  same 
design  and  working  at  the  same  temperature,  but  the  output  per 
pound  of  metal  will  be  less. 

Suppose  when  we  increase  the  size  we  decrease  the  number  of 
reversals.  Take  a  case,  for  instance,  in  which  the  dimensions  are 
doubled  while  the  reversals  are  halved,  the  maximum  induction 
remaining  the  same.  We  could  have  half  the  turns  in  the  coils, 
and  as  they  occupy  four  times  the  space  and  are  twice  as  long,  the 
total  resistance  would  be  one  quarter,  and  for  the  same  heating 
eflEect  we  would  have  four  times  the  output. 

If  we  consider  losses  due  to  eddy  currents  these  will  be 
constant  per  cubic  centimeter,  provided  the  period  and  maxi- 
mum induction  are  constant  and  the  thickness  of  the  plates  is 
unchanged ;  otherwise  they  will  vary  as  the  square  of  the  induc- 
tion, with  a  constant  frequency,  or  inversely  as  the  square  of  the 
period  with  a  constant  maximum  induction.  This  in  practice 
would  make  the  values  of  the  output  for  the  larger  currents 
given  above  somewhat  greater.  What  I  wish  to  show,  however, 
is  that  we  are  limited  by  heating  considerations  and  considera- 
tions of  fall  of  potential  in  our  secondary  in  the  output  of  large 
converters.  If  we  consider  the  properties  of  the  materials  of 
which  converters  are  made  we  would,  I  think,  tind  it  most  econo- 
mical to  make  converters  that  reach  the  temperature  limit,  except 
for  the  very  smallest  sizes. 

Many  of  us  have,  I  suppose,  read  Mr.  James  Swinburne's  paper 
read  before  the  British  Association  at  Newcastle  last  year  on  the 
*'  Design  of  Converters,"  and  have  been  struck  by  the  fact  that 
almost  all  of  the  converter  dimensions  given  by  him  are  imprac- 
ticable, either  on  account  of  the  disproportionate  heating  of  the 
larger  sizes,  or  the  excessive  fall  of  potential  in  the  secondary. 
In  increasing  the  size  of  dynamos  we  usually  increase  the  output 
per  pound  weight,  but  there  is  the  vital  distinction  between  dy- 
namos and  converters,  that  losses  occur  through  the  entire  mass  of 
the  latter,  and  as  we  increase  the  volume  we  increase  the  losses 
in  the  same  proportion.  In  the  dynamo,  on  the  contrary,  there 
are  practically  no  losses  in  the  heaviest  part  of  the  apparatus,  {,  e,, 
the  field  magnets.  As  a  result,  while  we  gain  in  efficiency  in  the 
larger  sizes,  yet  we  must  decrease  either  our  induction  or  the  rate 
of  reversal,  and  the  output  per  pound  is  lessened. 
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DI8CC88ION. 

The  Chairman  (Vice-President  Francis  R.  Upton) : — Gentle- 
men, you  have  heard  a  paper  that  brings  a  new  set  of  fibres 
and  measurements  before  the  electrical  world,  and  with  suon  ac- 
curacy that  they  will  probably  stand  as  facts  for  certain  construc- 
tions of  apjparatus.  This  paper,  of  course,  brings  up  the  broader 
questions— the  questions  of  alternating  and  direct  currents,  and 
as  far  as  their  economical  bearing  is  concerned,  I  think  discussion 
directed  to  this  point  would  be  in  order.  We  have  Prof.  Anthony 
with  us  to-night,  and  we  should  be  pleased  to  hear  from  him. 

Prof.  Anihony: — I  would  prefer  to  wait  and  hear  some  of 
the  others  talk  about  this  matter.  Alternating  currents  I  have 
never  had  anything  to  do  with  practically.  There  are  people 
here  to-night  who  have  had  to  do  with  them  and  who  know  more 
about  the  results.    I  should  be  glad  to  hear  from  them. 

Mr.  Nikola  Tesla  : — Dr.  Duncan  has  brought  forward  some 
facts  which  have  not  been  recognized  before,  for  instance,  the 
fact  that  the  loss  in  the  iron  of  the  converter  remains  perfectly 
constant  with  varying  loads.  That  has  not  heretofore  been 
acknowledged  or  known  so  far  as  I  have  heard.  But  on  the  other 
hand,  when  we  consider  the  action  of  the  converter,  I  think  it  ought 
to  be.  In  converters  in  which  the  primary  and  secondary  are  put. 
in  the  closest  possible  relation,  for  instance,  in  the  Westinghouse,. 
the  increase  pf  the  primary  and  secondarv  currents  is  in  an  al- 
most constant  ratio,  and  since  the  loss  in  the  iron  is  due  to  some- 
thing like  a  differential  action  of  both  currents,  1  think  the  loss 
of  the  iron  ought  to  be  constant  within  certain  limits 

With  regara  to  the  excessive  loss  in  the  dynamo  machine — in 
the  armature  that  Dr.  Duncan  has  found,  I  think,  that  most  of 
us  know  that  this  loss  is  not  due  to  the  fact  that  we  must  have 
that  loss,  but  we  must  sacrifice  a  certain  amount  for  the  regular 
tion  of  the  machine.  Now,  the  same  machine  that  Dr.  Duncan 
has  tested  anv  one  of  us  could  cause  to  give  a  greater  output  and 
with  a  loss  in  the  armature  of  no  more  than  one  or  two  horse- 
power. But  we  must  work  with  a  highly  saturated  field,  in 
order  to  obtain  a  constant  potential  on  the  converters.  On  the 
other  hand,  the  comparison  between  the  single  circuit  alteruar 
ting  current  and  the  direct  current  machine  is  just,  and  the  pro- 

¥ortions  I  believe  will  be  about  as  Dr.  Duncan  found  them, 
'hat  is,  if  we  compare  a  single  circuit  alternating  machine  with 
a  direct  current  machine  we  will  find  representing  the  output  of 
the  latter  by  a  number— say  by  100 — that  the  alternate  current 
machine  with  one  circuit  will  give  for  the  same  speed  and  weight 
about  7S,  or  perhaps  less.  But  we  must  also  consider  that  we 
are  enabled  with  alternating  current  machines  to  work  at  a  very 
much  higher  speed  and  the  simplicity  of  the  apparatus  allows  u& 
to  work  with  a  very  much  higher  electromotive  force.  On  the 
other  hand,  if  we  operated  an  alternating  machine  with  two  cir- 
cuits then  the  output  of  the  machine  will  no  longer  be  inferior 
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to  the  direct  current  machine  but  it  will  equal  it,  if  not  be  greater. 
I  believe  that  Prof.  Anthony  some  time  ago  told  me  thatlie  also 
found  that  the  loss  in  the  armature  by  hi^er  field  saturation  in- 
creased more  rapidly  than  we  would  generally  suppose.  I  have 
found  also  if  you  take  a  large  generator  and  saturate  the  field 
very  highly  we  may  by  only  a  few  revolutions  in  a  few  minutes 
heat  the  armature  so  that  the  wires  will  burn  out.  I  think  the 
losses  in  the  armature  increase  very  greatly  with  the  saturation 
of  the  field.  Now,  as  regards  the  general  results  obtained  by 
Dr.  Duncan,  I  am  firmly  convinced  of  their  correctness,  of 
course,  but  I  also  firmly  believe  that  Dr.  Duncan  has  not  had 
the  best  converter  in  hand.  For  1  have  myself  made  tests,  and 
others  have  made  tests,  where  the  efficiency  of  such  converters 
is  shown  to  be  much  higher  than  is  shown  by  Dr.  Duncan. 
With  the  improvements  we  have  made  lately  I  believe  that  the 
•  new  converters  have  now  rcaci.ed  a  much  hiffher  eflSciency. 

Mb.  H  Wabt)  Lbonard  : — We  had  some  theoretical  discussion 
relative  to  compai-ative  efficiency  of  the  eontinuous  and  alternat- 
ing currents  at  Chicago  a  couple  of  years  ago.  At  that  time  m  e 
haS  very  little  beside  theory  to  work  on,  especially  as  regards  our 
knowledge  of  anything  in  the  alternating  field.  But  I  was  a 
little  interested  in  looxing  ovir  the  figures,  which  at  that  tine 
were  arrived  at  theoretically,  and  comparing  them  with  those 
which  have  been  obtained  The  claim  for  the  continuous  current 
efficiency  which  was  made  there  was  baaed  on  a  maximum  loss  of 
twenty  volts  on  a  three  wire  system,  on  each  side,  that  is,  fifteen 
per  cent. ;  and  the  average  load  was  considered  as  forty  per  cent, 
on  that  maximum.  Therefore  the  average  loss  in  the  conductors 
was  considered  as  six  per  cent,  for  twenty-four  hours,  that  is,  an 
average  efficiency  of  ninety-four  per  cent.  With  the  generators 
operated  as  they  would  be  in  such  a  system  at  full  load  by  cutting 
on  snch  generators  as  were  not  needed,  assuming  an  efficiency  for 
the  conductor  of  ninety-four  for  the  feeders,  one  per  cent,  average 
loss  in  the  mains,  one  per  cent,  average  in  the  service  and  inside 
wiring,  brought  the  total  efficiency  of  the  continuous  current 
system  to  a  figure  of  b4.7.  With  the  alternating  current  system 
tne  lowest  efficiency  that  was  assumed  on  account  of  the  much 
higher  figures  that  were  claimed  was  85  per  cent,  for  the  gener- 
ator, 9^  per  cent,  for  the  feeder,  90  per  cent,  for  the  converter, 
99  per  cent,  for  the  service  and  inside  wiring,  which  gave  for 
the  total  efficiency  74  per  cent.  I  was  not  fortunate  enough  to 
hear  the  actual  efficiency  which  the  present  three-wire  system 
showed ;  but  I  remember  that  the  Professor  gave  the  efficiency 
of  the  alternating  as  61,  instead  of  74.  I  think  that  a  poir  t 
which  is  perhaps  the  most  pertinent  and  which  has  been  nretty 
well  empnasized  of  late,  is  the  fact  that  the  average  loaa  of  a 
system  of  lighting  generally  through  a  city  is  such  a  very  small 
percentage  of  the  connected  devices.  1  Jcnow  of  one  instance 
where  the  lighting  has  not  yet  reached  the  condition  which  it 
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will  later  as  regards  supplying  a  much  larger  connected  load 
than  it  has  at  present,  and  vet  the  average  load  for  24  hours  is 
only  about  12  per  cent,  of  the  connected  load.  This,  of  course, 
brings  into  very  forcible  action  the  eflSciency  of  devices  which 
are  low  in  efficiency  under  conditions  of  light  load.  In  the  case 
that  I  have  mentioned  the  maximum  load  is  30  per  cent,  of  the 
connected  devices,  and  the  average  load  is  40  per  cent,  of  that 
maximum. 

Dr.  Wheeler  : — Although  I  may  not  be  able  to  add  anything 
to  the  subject  of  converters,  I  might  say  something  about  the 
effect  of  alternating  currents  with  parallel  wires.  1  know  of  a 
case  in  this  city  where  lines  ran  parallel  for  about  three  miles, 
and  where  the  current  pumped  up  and  down  continuously,  causing 
the  lights  to  beat  just  as  it  they  were  driven  by  a  steam  engine 
which  did  not  have  a  heavy  enough  fly  wheel.  After  a  very  ex- 
tensive investigation,  it  was  found  that  the  pumping  of  the  bghts 
was  due  to  the  fact  that  alternations  on  two  circuits  were  nearly 
but  not  quite  synchronous.  When  one  set  of  waves  caught  up  with 
the  set  of  waves  on  the  next  wire  while  passing  them  they  first 
drove  those  waves  ahead  and  then  drove  them  back.  This  caused 
the  energy  of  one  circuit  to  first  pile  up  the  energy  in  the  other 
circuit,  and  then  force  it  down,  and  thus  cause  a  pumping  effect 
on  the  lights.  That  was  overcome  entirely  by  placing  the  wires 
in  pairs  properly,  that  is  to  say,  the  two  legs  of  each  circuit  had 
not  been  ari-anged  side  by  side.  One  or  two  of  the  circuits  had 
bsen  misplaced.  But  by  bringing  those  together,  so  that  the 
negative  side  or  "  leg ''  of  one  circuit  wajB  right  alongside  of  the 
other  "leg"  of  its  own  circuit  and  not  mixed  up  with  the  wires 
of  any  other  circuit,  the  induction  was  completely  neutralized, 
and  that  left  the  lights  perfectly  steady.  This  has  noth  ng  to  do 
with  converters,  but  is  about  the  only  thing  that  I  can  con- 
tribute to  the  subject.  It  was  quite  important.  The  lights 
pumped  very  baily.  The  company  was  very  much  troubled  to 
know  what  the  cause  was.  I  had  been  formerly  driving  Edison 
dynamos  with  high  speed  engines  and  I  laughed  at  the  people 
who  were  running  the  lights,  and  assumed  that  their  fly-wheel 
was  not  heavy  enough.  They  suggested  that  I  could  go  and  try 
the  fly-wheel.  I  made  them  buy  a  very  expensive  speed  indicator 
and  put  it  on,  and  about  as  soon  as  they  got  it  running  I  made  up 
my  mind  that  the  inertia  of  the  indicator  mechanism  would  be 
too  great  to  allow  it  to  respond  quickly  enough,  that  is  to  say,  if 
the  steam  engine  made  about  74  revolutions  a  minute,  as  it  did, 
and  if  its  speed  varied  enough  to  show  a  flickering  in  the  light, 
which  would  be  about  two  per  cent,  variation  in  the  middle  of 
each  stroke  of  the  engine,  it  would  not  be  easy  to  get  a  speed  in- 
dicator needle  which  would  show  such  brief,  rapid  and  small 
variations  as  two  per  cent,  variation  on  every  stroke,  that  is,  in 
less  than  one  second  for  each.  I  then  tried  figuring  out  the 
weight  of  the  fly-wheel  and  how  much  its  speed  ought  to  increase 
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or  decrease  between  the  strokes.  Assuming  the  flv-wheel  weighed 
30  tons  and  had  a  diameter  of  30  feet,  and  500  horse-power  was 
being  drawn  off  by  the  belt  continuously  and  was  being  put  into 
the  fly-wheel  twice  in  every  stroke  by  a  brief  impulse  of  the 
pitman  with  no  source  of  power  in  the  intervals,  how  much 
would  the  wheel  slow  down  in  the  seventy-fourth  of  a  second  'i 
In  other  words,  how  much  would  500  horse-power  slow  down  a 
30  ton  fly-wheel  of  3o  feet  in  diameter  irfthe  seventy-fourth  of  a 
second.  About  the  time  1  made  up  my  mind  that  this  would  be 
a  long  matter  to  figure  out,  I  decicled  to  try  the  plan  of  substitu- 
tion, that  is,  to  change  all  the  elements  oi  the  system  one  after 
the  other,  until  I  found  to  which  element — for  example,  the 
dynamo,  the  lines  or  the  engine — ^the  trouble  was  due.  We 
tneref ore  tried  driving  the  different  dynamos  by  different  engines 
and  connecting  different  lines  on  to  different  dynamos.  We 
then  found  that  the  trouble  went  with  a  particular  wire.  That 
surprised  me.  I  had  gone  so  far  in  the  matter  then  that  I  decided 
I  was  in  honor  bound  to  see  it  through.  I  went  out  and  counted 
the  number  of  pulsation^  in  the  lights  and  found  that  they  were 
about  eighty  to  the  minute.  I  had  inspections  made  and  found 
there  were  only  two  parts  of  the  city  where  the  lights  pumped 
in  this  way.  I  then  immediately  compared  the  pulsations  of  the 
other  sers  of  lights  and  found  they  were  S\)  to  the  minute ;  the 
same  as  the  first  group.  I  then  concluded  there  must  be  some 
reaction  between  tlie  lines  supplying  the  two  districts.  Follow- 
ing the  wires  out  I  found  that  the  two  sets  of  wires  that  supplied 
these  two  groups  of  light  were  placed  in  a  position  where  they 
could  act  inductively  on  each  other,  while  the  others  were  so 
placed  that  they  could  neutralize  their  own  effects,  and  I  sug- 
gested that  one  set  of  wires  be  changed  about.  This  was  done 
and  there  was  no  more  pumping.  It  was  clearly  due  to  one  set 
of  alternations  "  beating  "  with  tlie  set  on  the  other  wire. 

Mb.  Tesla:— a  point  mentioned  by  Dr.  Duncan  was,  how  the 
construction  of  the  converters  would  be  modified  when  their  size 
is  increased.  I  had  hoped  that  Dr.  Duncan,  whose  work  in  that 
line  has  always  been  so  valuable,  would  give  us  some  points  on 
that.  It  is  evident  to  every  one  that  it  is  impracticable  to  in- 
crease the  size  of  the  converter  in  the  same  proportion  as  its 
capacity  is  increased ;  because,  as  we  operate  the  converter  at  a 
constant  number  of  periods,  we  would  render  a  long  magnetic 
circuit  transformer  very  inefficient.  A  plan  was  proposed  by 
me  a  year  or  so  ago  to  introduce  this  system  in  the  construction 
of  converters  to  nave  the  same  length  of  magnetic  circuit,  no 
matter  whether  the  converter  is  large  or  small.  I  believe  that 
this  would  be  the  proper  way  of  constructing  all  converters  on 
one  system,  and  I  believe  that  the  present  method  of  construct- 
ing converters  is  not  right,  for  every  different  capacity  of  con- 
verter has  a  different  length  of  magnetic  circuit,  and  we  know 
well  that  if  one  converter  is  adapted  to,  say  16,000  reversals, 
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another  one  with  a  different  length  of  magnetic  circuit  is  not 
adapted  to  the  same  number  of  reversals.  We  started  a  year 
ago,  1  think,  to  make  all  converters  of  the  same  length  of  mag- 
netic circuit,  so  as  to  render  them  equally  adaptable  for  the  same 
number  of  alternations,  no  matter  what  their  capacity  is,  and  in 
such  case,  if  we  want,  for  instance,  a  converter  that  has  ten  times 
the  capacity  of  a  small  twenty  light  converter,  we  will  practically 
put  in  one  converter  so  many  multiple  circuits  as  are  required  to 
get  the  capacity  desired.  We  will  allow  a  somewhat  greater 
capacity  to  maintain  the  converters  all  at  the  same  temperature. 

I  think  that  this  plan  should  be  followed.  In  general,  I  may 
say  that  the  results  obtained  by  Dr.  Duncan  refer  to  an  apparatus 
a  considerable  time  in  use,  but  the  advances  that  have  been  made 
in  that  line  the  last  year  only,  are  so  enormous  that  we  would 
not  recognize  this  plan  at  all.  For  instance.  I  believe  that  the  con- 
verters at  present  can  be  made  to  have  less  than  half  the  leakage 
that  they  had  previously  In  other  words,  it  means  prac- 
tically you  can  run  a  converter  with  a  double  load  —the  machines 
are  increased  very  nearly  to  double  their  capacity ;  and  when  we 
consider  the  short  interval  in  which  this  has  bsen  accomplished, 
we  may  fairly  assume  that  in  a  few  years  from  now  there  will  be 
little  difference  between  the  alternating  and  direct  current, 
even  on  short  distances.  We  will  wait  for  that  development  in 
the  meanwhile. 

Dr  Duncan: — In  respect  to  the  construction  of  converters,  of 
course,  in  increasing  the  dimensions  in  the  same  proportion,  I 
was  not  following  out  the  proper  design  for  every  given  con- 
verte*.  Every  converter  oi  a  given  design  has  its  own  proper 
dime  sions,  and  all  dimensions  do  not  increase  in  the  same  ratio. 
But  I  think  that  Mr.  Tesla's  idea  of  keeping  the  same  length  of 
the  magnetic  circuit  is  hardly  proper.  I  have  worked  out  for 
my  own  amusement  the  design  of  a  number  of  converters. 
For  a  converter  of  given  capacity,  there  is  a  definite  period  which 
with  the  best  proportions  of  iron  and  copper,  corresponds  with 
the  maximum  efficiency  of  the  converter,  but  if  y6u  simply 
increase  the  cross  section  of  the  iron  without  increasing  the  lengtli 
of  th^  circuit  you  keep  the  same  cross  section  of  copper,  which 
is  not  a  good  practice.  You  have  to  change  both  the  copper  and 
iron,  and  I  did  not  think  it  would  be  very  interesting  to  design  a 
large  number  of  converters  for  any  given  output.  As  for  the 
efficiency  of  this  plant  wliich  was  tested,  the  plant  was  sent  on,  I 
think,  in  November,  and  was  supposed  to  be  the  latest  plant 
which  was  produced  by  the  Westinghouse  company.  I  have  since 
heard  that  the  efficiency  of  converters  has  been  greatly  increased. 
The  losses  in  the  cotiverters  could  undoubtedly  be  greatly  de- 
creased, especially  for  larger  sizes.  As  to  the  relative  efficiency 
of  the  two  plants,  it  must  be  remembered  that  I  have  simply 
taken  a  seven  hundred  and  fifty  light  plant,  and  one  dynamo  is 
supposed  to  be  always  connected  with  the  circuit.    In  a  station  of 
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ordinary  capacity,  that  is  of  more  than  twice  750  lamps,  we 
would  certamly  have  the  advantage  of  having  at  least  two  dy- 
namos, one  of  which  could  be  disconnected  when  the  load  had 
reached  it^  minimum  and  the  efficiency  would  therefore  be  greatly 
increased ;  and  also  in  comparing  efficiency  of  alternating  and 
continuous  plants,  we  must  remember  that  the  business  tnatis 
catered  to  by  these  two  systems  is  very  different ;  that  the  load 
diagram  of  the  alternating  plant  is  very  different  from  the  load 
diagram  of  the  continuous  current  plant.  An  alternating  plant 
takes  up  the  cream  of  the  business,  so  to  speak.  It  takes  up  bus- 
iness in  which  they  get  the  maximum  output  for  a  given  number 
of  lamps  wired,  and  in  that  way  we  must  not  calculate  the  effic- 
iency of  the  alternating  and  continuous  current  plants  at  the  same 
average  load  in  comparing  them.  If  so,  we  are  favoring  the  con- 
tinuous plant  very  much.  With  the  alternating  current  plant  it 
is  simply  a  commercial  question.  If  you  can  put  into  a  continu- 
ous current  station  an  alternating  dynamo  which  will  get  business 
that  will  pay  you,  it  is  undoubtedly  proper  to  put  that  dynamo  in. 
In  the  same  way  if  you  have  an  alternating  plant  and  it  is  so 
situated  that  you  can  run  part  of  the  service  more  economically 
with  a  continuous  current,  then  put  in  a  continuous  current 
dynamo.  But  as  the  business  stands  at  present  a  combination  of 
the  two  plants  is  undoubtedly  the  most  efficient  in  many  cases. 

Mr.  O.  T.  Crosby: — I  should  like  to  ask  if  the  advances  re- 
ported are  in  the  direction  of  increasing  the  efficiency  of  the  con- 
verter at  all  loads,  or  only  at  some  normal  loads  'i 

Mr.  Tesla  : — I  said  before,  that  the  leakage  was  reduced  to 
one-half,  and  I  thought  it  was  clear  enough  that  that  applied  as 
well  to  the  working  of  the  converters  on  the  full  load  as  on  the 
stiiall  load.  When  I  speak  of  leakage  I  mean  no  load  at  all.  But 
Dr.  Duncan  said  just  now — I  thought  he  misunderstood  me  in 
regard  to  the  construction  of  these  converters — I  proposed  not 
to  keep  the  length  the  same  Mid  vary  the  section  simply,  but  to 
vary  the  section  of  the  copper,  at  the  same  time  varying  the  sec- 
tion of  the  iron.  We  have  plates,  for  instance  which  contain  so 
many  multiple  circuits.  These  plates  are  so  made  that  the  coils 
can  be  just  as  well  put  in  as  one  single  circuit  transformer,  a 
form  01  construction  invented  by  Mr.  Albert  Schmidt  of  the 
Westinghouse  company,  and  in  this  way  we  have  practically  a 
number  of  independent  transformers,  and  the  only  diminution  of 
the  capacity  of  such  transformers  is  that  we  have  got  a  some- 
what smaller  surface  Then  we  may  allow  a  little  higher  capac- 
ity for  that  diminished  surface.  That  is  all.  I  think  that  point 
is  very  clear ;  and  there  is  no  doubt  at  all  that  this  contruction 
should  be  followed. 

Mr.  Fred'k  Darlinotoij  : — There  is  one  thing  which  I  think 
merits  attention  in  tj^e  discussion  of  this  question,  that  is  that 
one  system  uses  the  50  volt  lamp,  and  the  other  system  is  forced 
to  use  a  100  or  110  volt  lamp,  and  that  by  the  same  skill  of  con- 
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struction  of  lamps  and  the  same  advance  in  the  art  of  manufac- 
turing lamps,  the  50  volt  lamps  represent  about  twentv  per  cent, 
more  eflSciency  than  the  100  volt  lamps.  That  is  found  m  practice. 
For  instance  the  100  volt  lamps  which  are  beintf  supplied  now 
by  one  of  the  large  commercial  manufacturers  of  lamps  are  six- 
tenths,  or  a  fraction  over  six-tenths  of  an  ampere  and  100  volts  ; 
while  the  manufacturers  of  50  volt  lamps  make  a  50  watt  lamp 
and  get  50  volts  out  of  the  lamp  and  a  better  service  for  the  time. 
I  can  tell  of  results  that  have  been  obtained  by  the  Westing- 
house  Electric  Company  recently  in  the  improvement  of  con- 
verters. They  were  manufacturing  for  a  considerable  time  a 
converter  that  gave  a  leak  of  twelve  one-hundredths  on  every  40 
light  converter  and,  recently,  since  certain  analyses  have  been, 
made  of  the  iron  and  the  quality  of  the  iron  has  been  improved 
and  the  method  of  annealing  the  iron  has  been  improved,  they 
have  reduced  that  leakage  from  twelve  to  seven  hundredths  of 
an  ampere,  and  the  point  that  Dr.  Duncan  mentions  that  in  put- 
ting in  the  alternating  system  they  are  able  to  take  out  the  lamps 
in  the  service — certain  circuits  one  gentleman  said  only  about 
twelve  per  cent,  of  the  total  number  of  lamps  burning  on  an 
average — I  can  state  what  is  given  here  in  New  York  in  the  ser- 
vice of  the  United  states  Illuniinating  Company.  They  are 
getting  out  of  the  total  number  of  lamps  wired  on  a  circuit  five 
and  eight-tenths  hours  per  lamp,  which  is  about  23  per  cent.  All 
those  points,  T  think,  if  taken  into  account  will  make  the  eflSciency 
of  the  alternating  current  come  much  higher  than  would  appear 
at  first  thought. 

Mr.  Tesla  : — Another  point  of  great  importance  is  the  fact 
that  in  the  alternating  system  you  have  get  an  apparatus  of  al- 
most ideal  simplicity.  If  the  armature  bums  out  it  is  a  matter 
of  a  few  hours'  work ;  and  the  repairs  cost  very  little.  If  any 
part  of  the  apparatus  gives  out  it  is  easily  replaced  without 
trouble.  Witn  a  direct  current  system,  I  think  on  the  average 
out  of  100  armatures,  if  you  take  them  on  a  year's  run,  there 
will  be  about  fifty  that  will  have  some  trouble  or  other.  The 
commutator  will  wear  out  in  a  few  years,  even  with  the  best  at- 
tention.    I  speak,  of  course,  of  the  average. 

Thk  Chairman  : — I  think  we  are  letting  the  subject  wander  a 
little  from  the  eflSciency  of  the  alternating  current  apparatus.  I 
think  we  had  better  keep  to  that  subject. 

Mr.  Tesla  : — I  beg  to  remark  on  this  that  the  title  of  the 
paper  of  Dr.  Duncan  was  the  tests  on  the  efficiency  of  alternat- 
ing current  apparatus,  and  I  never  thought  that  the  other  subject 
would  be  mentioned.  But  Dr.  Duncan's  paper  assumed  the 
shape  of  a  comparison  of  the  eflSciency  and  merits  of  the  systems, 
and  if  I  have  wandered  a  little  too  far,  1  beg  your  pardon ;  it  was 
not  my  fault,  as  the  talk  drifted  in  that  direction. 

Lieutenant  John  Millis: — I  believe  in  all  the  alternatintr 
systems  that  are  now  in  practical  operation  in  this  country  the 
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rapidity  of  alternations,  that  is,  the  number  per  second,  is  prac- 
tically the  same.  I  would  like  to  inquire  what  are  the  con- 
siderations which  have  determined  this  rate  of  alternations, 
whether  they  are  mechanical  or  electrical,  and  if  so,  if  Dr. 
Duncan  can  briefly  explain  to  us  what  they  are,  also  what  the 
eflfcct  would  be  if  the  rapidity  of  alternations  were  varied.  He 
touched  lightly  upon  the  theory  of  the  effect  that  would  be  pro- 
duced in  the  output  or  efficiency  of  the  converter  if  the  rapidity 
of  alternations  varied.  I  would  like  to  ask  if  this  theory  has 
been  confirmed  by  him,  or  to  his  knowledge  by  any  one  by  prac- 
tical experiment,  and  what  the  result  of  the  experiment  is. 

Db.  Duncan: — The  rate  of  alternation  is  determined  very 
greatly  by  the  size  of  the  unit  in  which  the  distribution  is  made. 
For  large  units  a  low  rate  is  commonlj^  employed.  You  will  find 
in  most  of  the  continental  and  English  systems  that  the  rate  of 
alternations  has  been  decreased  as  the  size  of  the  cfonverter  has 
been  increased.  For  a  large  converter  a  comparatively  low  rate 
should  be  used,  and  as  in  this  country  small  converters  have 
generally  been  employed,  the  rate  is  very  much  greater  than 
where  the  converter  has  been  large. 

Mb.  Townsend  Woloott:— Dr.  Duncan  referred  to  Prof. 
Ryan's  paper  and  his  idea  in  regard  to  diminishing  the  energy 
absorbed  by  hysteresis  by  vibrating  the  iron.  Mr.  Kenneliy 
seemed  to  have  the  same  idea  as  Prof.  Ryan  that  you  could  get 
rid  of  the  waste  of  energy  very  largely.  The  diagram  of  the 
hysteresis  for  one  period  as  drawn  by  several  experiments  is  as 
shown  in  Fig.  11  of  Prof.  Ryan's  paper,  one  point  at  the  bottom 
and  the  other  at  the  top.  Now,  if  you  can  come  back  by  the 
same  path  as  you  eo,  of  course,  the  energy  is  zero.  But  Mr. 
Swinburne  divides  the  hysteresis  into  two  kinds.  He  speaks  of 
viscous  hysteresis  and  ordinary  hysteresis.  Previous  to  the  pre- 
sentation of  Prof.  Ryan's  paper  I  had  the  impression  that  the 
whole  hysteresis  worked  in  the  manner  which  Mr.  Swinburne 
calls  viscous  hysteresis ;  that  is,  like  friction,  it  would  resist  in 
both  directions.  Mr.  Swinburne's  idea  seems  to  be  that  the 
energy  absorbed  depends  to  a  great  extent  upon  the  difference 
of  phase "  between  the  magnetism  in  the  iron  and  the  magne- 
tizing force  of  the  current. 

Db.  Michael  I.  Pijpin: — I  would  like  to  ask  Dr.  Duncan 
whether  he  knows  of  anv  experiments  that  have  been  made 
lately  for  the  purpose  oi  finding  out  how  much  of  the  lost 
energy  is  due  to  eddy  currents  and  how  much  to  magnetic 
hysteresis.  As  far  as  I  am  aware,  there  has  been  no  experi- 
mental work  of  that  kind  done,  and  that  has  been  spoken  of  as 
a  work  which  it  is  very  desirable  to  do — to  determine  the  ratios 
between  the  two.  I  think  that  w^ould  also  give  us  a  means  of 
testing  whether  work  lost  on  account  of  magnetic  hysteresis  is 
the  same  for  every  period  —  whether  they  obtain  the  same 
current,  as  shown  in  the  diagram  referred  to  by  Mr.  Wolcott. 
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Db.  Ddnoan  : — ^I  am  not  prepared  to  give  any  figure  on  that 

rwnt  because  I  am  experimenting  on  it  at  the  present  time, 
am  working  now  to  weed  ont  the  eddy  currents,  and  to  determine 
the  effect  of  hysteresis  for  different  periods  of  reversal.  There 
is  no  data  at  present  to  tell  whether  the  loss  on  the  iron  is  due  to 
viscous  or  static  hysteresis.  If  we  go  through  the  change  in 
magnetic  force  at  a  very  low  speed  then  losses  due  to  time 
hysteresis  will  not  come  in  at  all.  If  we  go  at  a  very  high  speed 
it  will  not  come  in  at  all.  If  we  go  at  the  present  speed  it  will 
come  in.  As  I  say,  at  present  my  work  is  in  trying  to  weed  out 
the  eddy  currents.  But  I  have  not  reached  any  results  ;  and  it  is 
not  a  part  of  the  paper.  It  is  a  very  important  question,  though. 
Mb.  Lbonabd  : — I  take  the  liberty  of  speaking  for  a  second  on 
the  question  of  a  five  hour  load.  I  nad  been  brought  to  select  in 
the  instance  I  noted  the  most  exceptional  one  I  knew  of  as  being 
the  future  condition  of  supplying  loss  of  all  kinds.  In  New  York 
City,  which,  of  course,  is  the  most  exceptional  in  the  other  direc- 
tion, the  Edison  station  here  has  instead  of  five,  nearer  eight  hours 
average  load  which,  however,  may  be  somewhat  due  to  the  ad- 
vantfi^s  derived  from  the  sale  of  motive  power. 

Mb.  Justus  B.  Entz  : — I  would  like  to  inquire  if  the  losses  due 
to  eddy  currents  and  hysteresis  could  not  be  determined  by  dif- 
ferent thicknesses  of  discs.  By  taking  two  readings  and  separa- 
ting them,  I  think  it  could  be  determined — the  loss  due  to  the 
eddy  currents,  of  course,  varying  as  the  electromotive  force.  If 
the  thickness  of  the  disc  is  doubled  the  potential  is  doubled,  while 
the  resistance  making  a  watt  loss  in  eacn  disc,  varies  as  the  cube, 
and  if  the  disc  in  the  converter  were  double  in  thickness  and  the 
same  amount  of  iron,  and  the  loss  measured  in  the  two  cases,  I 
should  think  they  could  be  separated. 

Mb.  Tesla  :— I  should  thiuK,  gentlemen,  that  if  hysteresis  is  a 
distinct  element  in  the  loss  of  the  converter  it  can  be  only  so  be- 
cause it  is  intimately  connected  with  the  generation  of  the  cur- 
rents in  the  iron.  We  cannot  go  beyond  a  certain  thickness  of 
the  iron — say  number  38  or  40,  which  m^  be  yet  thick  enough 
to  give  rise  to  the  currents  in  the  iron,  fiut  the  results  that  Dr. 
Duncan  has  to-day  brought  out  strengthened  me  in  the  idea  which 
I  always  had,  that  ultimately  the  whole  loss  in  the  iron  resolves 
itself  into  the  loss  due  to  the  currents.  The  facts  he  finds  show 
that  the  principal  loss  is  due  to  the  eddy  currents.  The  loss  in 
the  iron  is  constant  at  all  loads ;  on  the  other  hand,  he  finds  that 
the  loss  is  proportioned  to  the  square  of  the  electromotive  force, 
which  would  be  precisely  the  case  if  the  loss  in  the  iron  were  due 
to  eddy  currents.     I  think  that  is  an  argument  for  this  view. 

Mb.  Cbosby  : — It  seems  to  me  in  that  case  that  we  want  to 
know  something  of  the  subdivision  of  the  iron,  because  by  a 
very  slight  subdivision  we  might  get  the  eddy  current  so  pre- 
dominating over  the  other  effects  that  it  might  be  when  the 
subdivision  were  finished  that  they  would  appear  as  perhaps  the 
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larger  effects.  I  should  like  to  ask  Dr.  Duncan  what  the  cubic 
contents  of  the  iron  masses  were  whose  total  loss  is  given  in  the 
paper?    It  may  have  been  stated,  but  I  did  not  hear  it. 

De.  Duncan  : — I  think  it  is  possibly  in  the  paper.  If  not,  it 
is  somewhere  else,  and  I  would  be  very  glad  to  give  it  to  Mr. 
Crosby.  As  to  distinguishing  between  tne  hysteresis  and  eddy 
currents  with  different  thicknesses  of  plate,  unfortunately  Ewing 
has  foand  that  as  far  as  this  time  hysteresis  is  concerned,  it  de- 
pends on  the  thickness  of  the  plate  independent  of  the  eddy  cur- 
rent.    So,  it  would  be  impossible  to  distinguish  in  that  way. 

Adjourned. 
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Pittsburgh.  Pa. 
President  and  General   Manager,  1  *   ^ 

The  Edison  Electric  Uluminat- -^  ^  X,  ^'    «!^ 

ing  Co..  Birmingham,  AU  /  ^  ^^^-  ".  1889 
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torv.  Mass.   Institute  of  Tech- |  M  Oct.  21,  1884 
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Electro  Dynamic  Co..  224 Carter  I  A  June    5,    1888 

St..  Philadelphia  and  Managing]  M  Mar.  18.  1890 

Electrician    The  Electrical  Ac-  | 

cumlator  Co.,  New  York.  I 

Civil  Engineer,  j  A  April  15,  1884 
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3393,  New  York.  (  ^ 
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Great  Western  Railway,  Taun- 
ton. Eng. 

N.  Y.  District  Railway  Co.,         j 
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Consulting     Electrical    Engineer,  (  *    t  _       ,    .ooa 

3816  Spring  Garden  St  ,  Phila--^  ^  J^"^     3.  IH»5 

H^^lnhia    Pa  i  M   JUn€ 
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N.  J.  1  M  July  12,  1887 
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^ublic  Works,  Perth,  Western  •<  j^  ^j^^^^  jg*  1890 
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3816  Spring  Garden  St  ,  Phila-s 
delphia,  Pa.  ( 

Herzog.  Dr.  F.  Benedict  {Manager)    President  Herzog  Te-  (  *    vr       «.    ,qc-. 

leseme  Co.,  30  Broad   St.,   New-^  ^,  f^^  ^^'  \^Jtl 
York.  \^^  J"^y  "•  '^^" 

Electrical  Engineer,  S  A   June    8,  1887 

202  Main  St.,  Buffalo,  N.  Y.  \  M  July   12,  1887 
1521  Mt.  Vernon  St.,  j  A   April  15,  1884 

Philadelphia,  Pa.  (  M  Oct.  21,  1884 
{Manager).      Electrician,  ^Edison  j  A   July   12,  1887 
Lamp  Co.,  Harrison  N.  J.  "/  M  June    5,  1888 

Electrical  Expert.  Central  Station,  (  . 
Edison  Elec.  Light  Sysem,  New-;  ^^ 
Brunswick,  N.  J.  {^ 

Mechanical  and  Elect'al  Engineer,  j  A   July  13,  1886 

~ Ma,Pa  ;!  M  May  17.  1887 

j  A   June    8,  1887 
^M  Nov.    I,  1887 
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Technical     Department,     United  ( 
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Johnson,  E.  H.  President,  Sprafjuc  Electric  Rail-  (  *    ir  u  ooo 

way  &  Motor  Co.,  i6  Broad  St.,  i  fi  \?^'    7»  1888 
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Jones,  Francis  VV. 

Knowles,  E.  R. 
Knudsok,  a.  a. 
Lange,  Philip  A. 

Langton,  John 
i.attig,  j.  w. 
Leonard,  H.  Ward 

Leonard,  M.  B. 

Lies,  John  W.,  Jr, 

LOCKWOOD,  Thouas  D. 

Lyne,  Lewis  F. 
Mailloux,  C.  O. 
Marks,  William  Dennis, 
Marshall,  J.  T. 
Maynard,  Geo.  C. 
MiLLis,  John 
Mills,  Frank  P. 
Nichols,  Edward  L. 

Paine,  Sidney  B. 
Parks,  C.  Wellman 


Assistant  Gen'l-Manag^er  and  Elec-  ( 
trician,  Postal-Telegraph  Cable  ■{ 
Co.,  187  Broadway,  New  York.    ( 

Electrical  Engineer,  4iqa  Waverly  ( 
Ave..  Brooklyn,  N.'Y.  } 

Elcctrican,  39  Nassau  St.,  New( 
York.  } 

Superintendent  of  Detail  Depart- ( 
ment,  Westinghouse  Electric  ] 
Co.,  Pittsburgh,  Pa.  { 

General  Manager.  Canadian  Edison  \ 
M'fg  Co.,  Sherbrooke,  P.  Q.       } 

Sup*t  Telegraph,  I^high  Valley  j 
K.  R.,  South  Bethlehem,  Pa        / 

General  Manager,  United  Edison  ( 
Manufacturing  Co.,  65  Fifth-] 
Ave.,  New  York.  ( 

Electrical  Engineer,  and  Supt.  of  ( 
Telegraph,  Chesapeake  &  Ohio-^ 
R'y.  Co.,  Richmond,  Va.  ( 

Chief  Engineer,  Society  Generale  | 
Italiana  di  Elettricita  (SistemaJ 
Edison).  Via  S.  Radigondal 
N.  4,  Milan,  Italy.  | 

(Manager).  Electrical  Engineer.  ( 
and  Advisory  Electrician.  P.  O.,  -^ 
Drawer  2,  Boston,  Mass.  | 

Mechanical  and  Elect'al  Engineer,  j 
307  Grove  St.,  Jersey  City,  N.J.  j 

Consulting  Electrical  Engineer,  ' 
32  Liberty  St.,  New  York.  ' 

PA.  B,,  C.  E.  Edison  Electric  I 
Light  Co.,  Philadelphia,  Pa.        1 

Inspector  of  Lamp  Manufacture,  \ 
Edison  Lamp  Co. ,  Harrison,  N  .J.  1 

Electrical  Engineer,  1409  New  j 
York  Ave.,  Washington,  D.  C.    { 

Lieutenant  Of  Engineers,  U.  S.  j 
Army.  P.O.  Box  2128,  New  York.  | 

Superintendent  Cleveland  Iron  j 
Mining  Co.,  Ishpeming,  Mich.    \ 

( Vice-President).  Professor  of  ( 
Physics,  at  Cornell  University,  •! 
Ithaca,  N.  Y.  j 
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firm  •*  Paine  &  Francis,"  38-^ 
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Sept.    6, 
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\  Mar.  3, 

Oct.  4, 

[  Dec.  6, 


June    8, 
Nov.    I 


Electrician,  1825  Fifth  Ave.,Troy,  j  A  July  12 

N.  Y  ^  M  May    i 


1884 
1884 

1887 
1887 

1887 
1888 

1888 
1888 

1888 
1888 

1887 
1887 

1887 
1887 

1886 
1888 


1887 
1887 


1884 
1884 

1888 
1888 

1884 
1884 

1888 
1888 

1889 
1889 

1884 
1888 

1884 
1885 

1885 
1885 

1887 
1887 

1887 
1887 

1887 
1888 
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Name. 
Parshall,  H.  F. 


Patten,  F.  Jarvis, 
Pfannkuche,  Gustav 

PiCKERNELL,  F.  A. 

Pope,  Frankun  L. 

Porter,  J.  F. 

Pratt,  J.  Howard,  Jr. 

Pratt,  Robert  J. 

Prescott,  Geo.  B.,  Jr. 


Addrms.  Date  of  Membenfaip. 

Electrician,  Sprague  Electric  Rail- 
way &  Motor  Co.,  1 6  Broad  '' 
New  York, 

Electrical  Ens^ineer,  47  Barclay  St., 
Residence,  10  West  Thirtieth  St 
New  York. 


Sept.     7,  1888 
Mar.  18,  1890 


Sept.   6.  1887 
Nov.    1,  1888 

Engineer  and  Inventor,  Cleve-  j  A  Feb.  7,  1888 
land,  O.  (  M  May    i,  1888 

Sup't.  of  Equipment,  Amer.  Tel.  &  j  A  Feb,  7,  189a 
Tel.  Co.,  iSCortlandt  St.  N.  Y.  (  M  Mar.  18,  1890 

{Past  President\  Expert  f or  (  .  a^^^It..  ,00* 
Westinghouse  Electric  To  J  ^  Apnlis,  i»»4 
Elizabeth,  N.  J. 


°"iM  Oct.  21,  X884 

403  N.  8th  Street.  St.  Louis,  Mo.  {  ^  Sept-   6,  1887 

j  A  June    5,  1888 

.  (  M  Sept.   7.  1888 


Professor  of  Physics, 

Jacksonville,  111. 

Electrician.       Manager,     Electric  (A  July  12,1887 
MTg  Co.,  Troy.  N.  Y.  J  M  Sept.   6.  1887 

(Manager), '  Electrical   Engineer,  ( 

General    Agent,    Day's    Kerite  1  A  July   12,  1887 
Wire  and  Cables.    16  Dey  Street.  1  M  Nov.    1,1887 


Raymond,  Chas.  W. 


New  York. 
Civil  and  Electrical  Engineer, 


„ j  A  June  8,  1887 

36  Dearborn  St.,  Chicago.  III.  {  M  May  17,  1887 

Electrical  Engineer,  7  Albert  Tcr-  (  *    "m^„  ,    .qq, 
race,  Hemberton  Road,  Stock- -^ij:  tl^J*    '•  "°i 

well,  London,  S.  W.  England.     {  ^  ^^-  ^'  '^^7 

Reckenzaun,  Frederick,  Electrician,  Box  225,  West  Hob-  j  A  Mar.  6,  1888 

oken.  N.  J.                                    ^  M  June  5,  1888 

General  Superintendent  and  Con-  (  .    |^  ,      ««-» 

suiting    Electrician.    Thomson.^  A  j^;  5;  ;||| 


Reckenzaun,  Anthony 


Rice,  E.  Wilbur,  Jr. 


RiEs,  Elias  E. 


Roberts,  E.  P. 


Houston  Elec.  Co.,  Lynn 
Electrician    aod    Electrical  Engi- 
neer,     430    South    Broadway, 
Baltimore,  Md. 
Electrician  and  Sup*t,  Swan  Lamp  j  A  Jan. 
^      ~     *      "      "*      •     i,  O.     {M  Feb. 


d  Con-  (  . 
omson-s  xt 
.  Mass  I  ^ 

J  A  July   12, 
J  M  Sept.   6, 


1887 
1887 

6,  1885 
3.  i88s 


Rohrer,  Albert  L. 


■j 


A  Nov. 
M  May 


I,  1887 
I,  1888 


7,  1888 
I,  1888 


Co.,  Bclden  St.,  Cleveland, 
Electrical   Engineer,  with  Thom 

son-Houston  Electric  Co.,  Lynn, 

Mass. 
Salomons,  5fV  David  Lionel,  Bart,  M.  A.,     Engineer  and  ( 

Barrister,  Broomhill,  Tunbridge  !  A  Feb. 

Wells,  Kent,  and  49  Grosvenor  |  M  May 

St.,  London,  W.,  England.  t 

Electrician  of  Schlesinger,  Kimball  f 

&  Co.,  Manufacturers  of  Electric  /  A   Nov.    1,1887 

Mining   Machinery,    228    West  }  M  Dec.    6,  1887 
♦*  Broad  St..  Columbus,  O.  t 

Schulze-Berge.  Franz       Edison  Laboratory,  Orange,  N.  J.  |  ^  ^°^"  J^'  J^^ 

Shallenberger,  O.  B.         Electrician,  Westinghouse  Electric  j  A  Sept.    7,1888 

Co.,  Pittsburgh,  Pa.  \  M  Dec.    4,  1888 


Schlesinger,  Wm.  M. 


Shepard,  Wm.  E. 


Slater,  Henry  B. 


Electrician.  Schuyler   Elec.  Light  (  .    r^K      -»    !««« 
Co..  as   Pratt  St..  Middletown. -j  ^  f>b.    ^7.  1890 


Conn. 


Electrical    Engineer    and   Electro  j  A   April  15,  1884 
Metallurgist,  Leadville,  Col.        {  M  Dec.    9,  1884 


Digitized  by 


Google 


Name. 

Smith.  Herbert  G. 
Standford,  Wiluam 


Stikringkr,  Luther 
TfiRRY,  Charles  A. 
Thompson,  Edward  P. 

THiJRNArKR,  Ernst 

Trowbridge,  Prof.  W.  P. 
Turner,  William  S. 


Vail,  J.  H. 


Address. 
General  Electrician, 

Quezaltenango,  Guatemala. 

Ass't  Sup't  Telegraphs,  Colonial  | 
Gov't,  Cape  Town,  Cape  of  Good  ^ 
Hope,  Africa.  I 

Electrical  Expert,  44  Wall  St.,  I 
Room  71,  New  York.  ] 

Lawyer,  Westinghouse  Electric  j 
Co,  Pittsburgh,  Pa.  { 

Consulting  Electrician  and  Patent  \ 
Attorney  in  Electrical  Cases,  5  -j 
Beekman  St.,  New  York.  { 

Chief  Engineer,  Thomson- Houston  | 

International  Elec.  Co  ,  Michae- 1 

lisbrtlcke,  Hamburg,  Germany.   { 

,  School  of  Mines,  Columbia  .Col-  j 

lege.  New  York.  j 

Electrical  Engineer,  Woodbridge  | 
&  Turner,  74  Cortlandt  St.,  H 
New  York.  { 

Electrical  Engineer,  Ass't  to  the  1 
Pres't,  Sprague  Electric  Railway  J 
&  Motor  Co.  16  Broad  St.,  1 
New  York.  I 


Date  of  Membership. 
\  A  Mar.  6,  1888 
(  M  June    5,  1888 

I  A  Oct.    4,  1887 
i  M  Dec.    6,  1887 

j  A  June    8,  1887 

(  M  Nov,    I,  1887 

A  April   5,  1887 

I  M  May  17,  1887 

iA  April  15,  1884 
M  Dec.     3,  1889 

A  Oct   14.  1887 
M  Dec.    6,  1887 

A  April  15.  1884 
[  M  Oct.  21,  1884 

iA  Dec.    7,  i886 
M  Oct.     2,  1888 


Van  Dbpoele,  Charles  J. 

Vansize,  William  B. 

Waddell,  Montgomery 

Walker,  Sydney  F. 

Waldo,  Dr.  Leonard 

• 

Weaver,  W.D. 

Weeks,  Edwin  R. 

Weston,  Edward 

Wetzler,  Joseph 

Wharton,  Chas.  J. 

Wheeler,  Schuyler  S.,  ScD.  (Manager).  President  Crocker- 
Wheeler  Electric  Motor  Co.,  430- 
432  West  Fourteenth  St  .  Elec- 
trical Expert,  Board  of  Electrical 
Control,  I26is  Broadway,  New 
York. 


Electrician,  Electrical  Railway  | 
Department,  Thomson-Houston  '^ 
Electric  Co.,  Lynn,  Mass.  { 

Solicitor  of  Patents,  44  Broadway,  j 
New  York.  ] 

Engineer,  18  Columbia  Heights,  < 
Brooklyn,  N.  Y.  "i 

Electrical  Engineer,  195  Severn  < 
Road,  Cardiff,  England.  1 

Electrical  Engineer,  The  Alumi-  | 
num  Brass  &  Bronze  Co. ,  Bridge-  •< 
port,  Conn.  1 

Assistant  Engineer,  U.  S.  N.,  < 
New  York  Navy  Yard.  "i 

General    Manager,    Kansas    City 
Electric    Light    Co.,     National! 
Bank  of  Kansas  City  Building.  1 
Kansas  City,  Mo.  I 

(Past  President  and  Vice-Presi-  \ 
dent).  Electrician,  645  High- 
St.,  Newark,  N.  J.  ( 

{Manager)  Editor  Electrical  En- \ 
gineer^  150  Broadway,  N.  Y.       ( 

82  Bond  St.,  London  England.      \ 


A 
M 

April 
Oct. 

A 

M 

Feb. 
May 

A 
M 

June 
May 

A 
M 

&•: 

A 
M 

May 
May 

Wilkes,  Gilbert 


United  Edison  Mfg.  Co.,  65  5th 
Avenue,  New  York  City, 


A  June    8    1887 
M  Nov.    I,  1887 


A  June  5,  1888 
M  Sept.    7,  1888 

15.  1884 
21,  1884 

7,  1888 

1,  1888 

2.  i88s 
17,  1887 

5,  i888 
4,  1888 

17.  1887 
17,  1887 

A  Sept.  6,  1887 
M  Nov.    I,  1887 

A  April  15,  1884 
M  Oct.   21,  1884 

A  April  15,  1884 
M  Dec.  9,  1884 
A  Jan.  3,  1888 
M    May    i,  1888 


A  June    2,  1885 
M  Sept.    I,  1885 


i  A  Jan.     7,  1890 
I  M  Mar.  18,  1890 
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Name. 

Wilson,  Fremont 
Winchester,  A.  E. 

WOODBRIDGE,  J.  L. 


AddreM. 
Electrician,  293  Lenox  (6)  Ave.,  (AN 

New  York.  \  M  June 

Designer    of      Steam     Electrical  j  A   Tune 

Plants,  Wilton,  Conn.  (  M  Nov. 


Electrical  Engineer,  Woodbridge  (  a  t„«* 
&  Turner.  74  Cortlandt  St.  J  w  iP* 
New  York,  ( 

Zetschb,  Dr.  Carl  Eduard,  Telegraph  Engineer,  N.  Tieck-  j  A  Nov. 

strasse  7,  Dresden,  Saxony.         (  M  Jan. 
Members,  -  146. 


Date  of  Elecdoo. 

Mar.  6,  1888 
S,  1888 
8,  1887 
I,  1887 

8,  1887 
I,  1887 


I,  1887 
3,  1888 


Name. 
Abernbthy,  J.  P. 

Anderson,  Alexander 

Andrews,  Wm.  S. 

Backstrom,  Chas.  a. 

Baii.lard,  E.  V. 
Barton,  Enos  M. 

Barrett,  John  A. 

Bates,  D.  H. 

Bauer,  A.  H. 

Bauer,  W.  F. 

Bayles,  Robert  N. 

Bfattie,  John,  Jr. 

Belding,  Warren  S. 

BENBO^v,  William  C. 
Bennett.  J.  C. 
Berhgoi.tz,  Herman 
Berliner,  Emile 


ASSOCIATE  MEMBERS. 
Address. 
Superintendent  of  Telegraph,  53  City 

Hall.  Cleveland,  O. 
Superintendent  and  Manager  of  the 

Thomson- Houston    Electric   Co., 

Norfolk.  Va. 
Supt.   Construction    Dcpt  ,   United 

Edison   Mfg.  Co.,  65   5th   Ave., 

New  York. 
Manufacturer  of  Electric  Incandes- 
cent   Lamps.    154    &    156   West 

Twenty-seventh  St,,  New  York. 
124  West  Sixty-first  St ,  New  York. 
President  Western  Electric  Co..  227 

South  Clinton  St.,  Chicago,  III. 
Electrician,      189     Montague     St., 

Brooklyn.  N.  Y. 
Vice-President  and  Gen*l  Manager, 

The  Electrical  Accumulator  Co., 

44  Broadway,  New  York. 
Electrical  Engineer,  Pullman  Palace 

Car  Co..  Pullman  Building.  Chic- 
ago, 111.    Room  307. 
Constructionist,  The  Electrical  Accum- 
ulator Co.,  62   Steuben  St.,  East 
Orange.  N.  J. 
Electrician,  The  "C&C"  Electric 

Motor  Co.,    404   Greenwich  St., 

New  York. 
Manager  and  Superintendent,    The 

Beattie  Battery,  Zinc  and  Electric 

Co.,  Fall  River,  Mass 
Electrician  and  Sup't.     The  Belding 

Motor  and  Mfg.  Co.,  6423  Stewart 

Boulevard,  Englewood,  111 
Thomson  Houston  Electric  Co.,  620 

Atlantic  Ave.,  Boston,  Mass. 
Electrician,  United  Edison  Mfg.  Co. 

65  5th  Avenue,  New  York. 
Mechanical  Draughtsman,  161  East 

34th  St.,  New  York  City. 
Inventor,  Columbia  Road,  between 

Fourteenth    and    Fifteenth    Sts., 

Washington,  D  C, 


Date  of  Electioo. 
July     7,  1884 

Sept,    6.  1887 

Mar.     5,  1889 

Nov.  13,  1888 
Dec.    3,  1889 

July    12,  1887 

June     8,  1887 

April  IS,  1884 

Feb.     7,  1890 

April  15,  1890 

Oct.      I,  1889 

Sept.    6,  1887 

April  15,  1890 
Dec.  3,  1889 
Mar.  18,  1890 
April    2,  1889 

April  T5,  1884 
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Name.  Address.  Date  of  Election . 

Black,  Chas.  N.  Student,  Princeton  Electrical  School, 

Princeton.  N,  J.  Feb.     7,  1890 

'Civil   and   Electrical   Engineer,    27 

Tenth  Ave.,  New  York,  July      7,  1884 

Agent.  Sprague  Electric  Railway  & 

MotorCo.,  16  Broad  St.,  New  York.    Nov.  13,1888 

Electrician,  The  Canada  Electric 
Co.,  Amherst,  N.  S.  Feb.     7,  1890 

Electrical  Engineer,  Thomson-Hous- 
ton Electric  Co.,  Lynn,  Mass.  April    2,  1889 

Electrical    and    Patent    Expert,    22 

Union  Square.  New  York,  July    10,  1888 

165  West  Eighteenth  St.,  New  York,     Dec.     3,  1889 

Electrical  Engineer,  Thomson-Hous- 
ton Electric  Co.,  Lynn,  Mass.  April    2.  1889 

Care  of  Elektron  M'fg  Co.,  79-81 
Washington  St ,  Brooklyn,  N.  Y.      Aug.     6,  1889 
Brackett,  Prof,  Cyrus  F.  Princeton,  N.  J.  April  15,  1889 

Brady.  Paul  T.  Superintendent.  Central  N,  Y.  Tele- 

phone &  Telegraph  Co.,  Coopers- 
town,  N.  Y.  July    12,  1887 

Vice-President.  Central  Electric  Con- 
struction Co.,  515  Walnut  St.,  St. 
Louis.  Mo.  April    2,  1889 

Inspector  and  Electrical  Expert,  The 
New  England  Insurance  Exchange, 
Boston.  Residence,  51  Salem  St., 
Worcester,  Mass.  Mar.     5,  1889 

Greneral  Manager,  Morristown  Elec- 
tric Light.  Heat  &  Power  Co. 
Morristown.  N.  J.  Jan.     7,  1890 

Electrical  Engineer,  Western  Union 
Telegraph  Co  ,  195  Broadway, 
New  York  City.  Mar.  18,  1890 

Manager  Western  Electric  Co.,  227 
South  Clinton  St.,  Chicago,  111.         July    12,  1887 

Promoter  and  'Contractor,  41  Dey 
St.,  New  York.  Dec.     6,  1887 

Patent  Attorney,  Western  Union 
Telegraph  Co.,  195  Broadway, 
New  York.  April  15.  1884 

Consulting  Electrical  Engineer,  Room 

55, 4th  Floor.  120  Broadway,  N,  Y.     Feb.     7,  1890 
Electrician,   Rutherford  B.  S.  &  C. 

Elec.  Co.,  Rutherford,  N.  J.  Feb.     7,  1890 

Electrician,  Metropolitan  Telephone 
and  Telegraph. Co.,  18  Cortlandt 
St.,  New  York  April  15,  1890 

6  Fort  St.,  Aub  rn,  N.  Y.  Feb.     7,  1888 

Sec'y,  Treas'r  and  General  Manager, 
The  Elmira  Illuminating  Co., 
Elmira,  N.  Y.  Oct.      i,  1889 

Chermont,  Antonio  Leite,  Manager    Telephone  Co.  of  Para, 

Para,  U.  S.  of  Brazil.  Mar.    18.  1890 

Child,  Frank  W.  Contractor  and  Builder  of  Electric 

Railways,     115    Broadway,    New 
York.  July    10,  1888 
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Blackwell,  R.  W. 
Blake,  Henry  W. 
Bliss,  Donald  M. 
Blood.  W.  Henry,  Jr. 
Bogart,  a,  Livingston 
BoGUR,  Charles  J, 

BOTTOMLEY,  HaRRY 

Boynton,  Edward.  C. 


Briner,  C.  J. 
Brophy,  Wiluam 

Brown,  Alex.  S. 

Brown,  Alfred  S. 

Brown,  Charles  A, 
Browning,  Howard  L. 
Buckingham,  Chas.  L, 

Burns,  Elmer  Z. 
Buys,  Bert. 
Carty,  J  J. 

Case,  Wiixard  E. 
Cheney,  Frederick  A. 


lO 


Name. 
Childs,  W.  H. 

Chinnock,  C.  E. 

Chubbuck,  H.  Eugene 

Churchill,  Arthur. 
Cleveland,  Wm.  B. 
Coffin,  C  has.  A. 

Collins.  W.  Forman 

COMPTON,  Alfred  G. 

Cornell,  Chas.  L. 
Crane,  W  F.  D. 

Crosby,  Oscar  T. 

Curtis,  Chas.  G. 
CuRTiss,  Gkorge  F, 

CuNTz,  Johannes  H. 

CuSHMAN,   liOLBROOK 

Dana,  K.  K. 
Danforth,  a.  H. 
Daniell,  Francis  G. 
Davenport,  George  W. 

Davidson,  Edw.  C. 
Davis,  Charles  H. 
Davis,  Chas.  M. 
Davis,  Dei.amore  L. 
Davis,  Joseph  P. 

Davis,  Minor  M. 


AddKM. 

Bookkeeper  for  The  Estey  Ofigan 
Co.,  Brattleboro.  Vt. 

Edison  United  MTg  Co.,  65  Fifth 
Ave,.  New  York. 

Electrician  and  Manager,  Champion 
City  Electric  Light  Co.,  Spring- 
field. O. 

Electrical  Expert,  Frazar  &  Co., 
Yokohama,  Japan. 

Electrical  Engineer,  309  Perry-Payne 
Building,  Cleveland,  O. 

Vice-President  and  Treasurer,  Thom- 
son-Houston Electric  Co.,  620  At- 
lantic Ave.,  Boston,  Mass. 

Western  Manager,  The  Electrical 
Engineer^  225  Dearborn  St., 
Chicago,  111. 

Professor  of  Physics,  College  of  the 
City  of  New  York,  17  Lexington 
Ave..  New  York. 

Electrical  Engineer,  Western  En- 
gineering Co.,  Kearney,  Neb. 

Electrician  and  Mechanical  Engineer, 
The  Electric  Car  Co.  of  America, 
Twenty-third  St.  and  Washington 
Ave..  Philadelphia.  Pa 

Electrical  Engineer,  Wcems  Electric 
Railway  Co..  Potter  Building,  New 
York. 

114  East  Thirtieth  St.,  New  York. 

Electrician,  Thomson -Houston  Elec- 
tric Co.,  Lynn,  Mass. 

Assistant  to  Pies't  Henry  Morton, 
Stevens  Institute  of  Technology, 
137  Hudson  St ,  Hoboken,  N.  J. 

Electrical  Kngineer.  337  West  Twen- 
ty-second St.,  New  York. 

Agent  Washburn  and  Moen  M'fg 
Co..  i6C1ifiFSt,  New  York. 

Great  Falls,  Montana. 

Care  of  Minneapolis  Street  Railway 

Co.,  Minneapolis,  Mo. 
General    Manager.    Thomson-Hous- 
ton International  Electric  Co  ,  620 

Atlantic  Ave.,  Boston,  Mass. 
Patent   Lawyer,    Room    179,  Times 

Bldg.,  New  York. 
Consulting  Electrical  Engineer,  120 

Broadway,  New  York. 
Superintendent.  Light,  Heat  &  Power 

Co  ,  Pueblo  Col. 
Superintendent,  Salem  Electric  Light 

&  Power  Co.,  Salem,  O. 
Consulting  Engineer.  Care  of  Phoenix 

Construction  Co.,  115  W.  38th  St.. 

New  York  City. 
Ass't   Electrician.   Postal  Telegraph 

Cable  Co  ,  5  Dey  St  ,  New  York. 

Digitized  by 


Date  of  Ekcdon. 
Sept.  6,  1887 
April  15.  1884 

Dec.  4,  1888 
April  15,  1890 
April  15,  1884 

Dec.     6,  1887 

Dec.     6.  1887 

Nov.  I.  1887 
Feb.      7,  i8go 

Feb.     7,  1888 

Mar.  iS,  1890 
April  15,  1884 

April    2,  1889 

Mar.     5.  1889 

June     5,  1888 

April  15,  1884 
July    12,  1887 

Nov.    12,  1889 

June  4.  1889 
Feb.  7,  1890 
Mar.  18,  1890 
July  12,  1887 
April    2,  1889 

April  15.  1884 
April    6,  1886 

Google 


Namt;.  Address. 

Delany,  Patrick  Bernard.  Inventor.  84  Brood  St.,  New  York. 
Denton,  James  E.» 

• 

DiCKERSON,  E.  N,.  Jr. 

Dion,  Alfred  A. 

DoANE,  S.  Everett 

Dobbie,  Robert  S. 

DoREMus,  Charles  A. 


Date  of  Election. 
April  15,  1884 

Professor  of  Experimental  Mechanics, 
Stevens  Institute  of  Technology, 
Hoboken.  N.  J..  July    12,  1887 

Attomey-at-Law,    5    Beekman    St., 

KewYork.  April  15.  1884 

Electrician,  Intercolonial  Railway, 
Moncton,  N.  B.  Jap.     7,  1890 

Thomson-Houston  Electric  Co., 
Swampscott.  Mass.  Aug.     6,  1889 

Electrician,  10 14  Bergen  Ave.,  Jersey 
City,  N.  J.  Feb.     5,  1889 

M,  D.  Fh.  D.  Chemist  and  Physicist, 
Beilevue  Hospital  Medical  College, 
College  of  the  City  of  New  York 
and  American  Veterinary  College, 
92  Lexington  Ave  ,  New  York.         July      7,  1884 

VicePres't  of  Bell  Telephone  Co.  of 
Mo.,  322  Pine  St.,  St.  Louis,  Mo.     April  15,  1884 

Electrical  Workshop  Sup't.  W.  C.  & 
S.  W  Telephone  Co.,  88  Colston 
St.,  Bristol,  Eng.  Jan.      7,  1890 

Under-graduate    in    Electrical    En- 
gineering.   Princeton   University, 
,  Princeton,  N.  J.  Mar.  18,  1890 

Publisher  and  Printer,  36  Cortlandt 
St.,  New  York.  April  15,  1884 

Electrical  Engineer,  18  Columbia 
Heights,  Brooklyn,  N.  Y.  Jan,      7,  1890 

President  and    Electrician,    Eastern 

<■  Electric  Cable  Co.,  6i^Hampshire 
St..  Boston,  Mass.  April  15,  189a 

Electrician  and  Inventor,  Eliot,  Me.     April  15,  1884 

Chemist  and  Assayer,  Virginia  City, 
Nev.  Sept.    6,^1887 

Electrician,  Croton  Magnetic  Iron 
Mines.  45  East  Twenty-second 
Street,  New  York  Nov.   12,  1889 

Ass't  Electrician  in  charge  of  Tests, 

Edison  Lamp.Co.,  Harrison,  N.  J.     Dec.     6,  1887 
Fleming,  Walter   M.  M.  D,    Vice-President  of  the  Averell  In- 
sulating Conduit  Co.,  45  Broad- 
way, Room  I,  New  York.  Jan.      3,  i888 

Electrician.  Electric  Light  &  Power 
Co  ,  Steubenville.  O.  Mar.  18,  189a 

Superintendent|Edi£on  Electric  Light 

Co.,  Ottumwa.  la.  July    12,  1887 

Electrician.  United  Edison  Mfg.  Co. 

133  West  34th  Street,  New  York.     Mar.   18,  1890 

Honorary  Fellow  in  Electrical  En- 
gineering, Columbia  College,  120 
West  125th  Street,  New  York.  Mar.  iS,  1890 

Vice-President,    Estey  Organ    Co., 

Brattleboro,  Vt.  Mar.     5,  1889 

Electrical  Engineer,  Mill  and  Mine 
Elec.  Equipment  Co.  Pittsburgh, 
Pa.  Nov.     I,  1887 

Digitized  by  VjOOQIC 


DuRANT.  Geo.  F. 
Eley,  Harris  H. 

Elmer,  William,  Jr. 

Emmet,  Herman  L.  R 
Entz,  Justus  B. 
EusTis,  Herbert  H. 

Farmer,  Prof.  Moses  G. 
Fielding,  Frank  E. 

Ffske,  Henry  G. 
Flack,  J.  Day 


Flood,  J.  F. 
Ford,  Ellsworth 
Fox,  John  M. 
Freedman,  William  H. 


Fuller,  Levi  K. 
Giles,  Walter  A 
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Name. 
GiLLILAND,  E.  T. 


GOLDMARK,  ChAS.  J. 

Gorton,  Charles 
Gray.  W.  N. 

Grower,  George  G. 

Griffin,  Capt.  Eugene 
gutmann,  ludwig 
Hall,  Edwin  H. 

Harding,  H.  McL. 

Harvey,  Wirt  B. 

* 

Haskins,  Caryl  D. 


Add' ess. 

Vice-Pres't  Empire  City  Elcc.  Co.. 
15  Dey  St.  Residence,  179  West 
End  Ave.,  New  York. 

473  Park  Ave.,  New  York. 

Belmont,  N.  Y. 

Manager.  Branch  Office,  Mather 
Electric  Co.,  Cincinnati.  O. 

Electrician  and  Chemist,  Ansonia 
Brass  and  Copper  Co.,  Ansonia, 
Conn. 

Thomson- Houston  Elec.  Co.,  620 
Atlantic  Ave.,  Boston.  Mass. 

Electrical  Engineer.  P.  O.  Box  560, 
Pittsburgh,  Pa. 

Assistant  Professor  of  Physics,  Har- 
vard College,   5  Avon   St.,  Cam- 
bridge, Mass. 
Chicago,  111. 

43^  Madison  St.,  Memphis,  Tenn. 


Electrician.  Thomson- Houston  Elec- 
tric Co.,  Lynn,  Mass. 

Assistant  Engineer.  U.  S.  N.  In- 
structor Johns  Hopkins  Univers- 
ity.    Baltimore,  Md. 

Electrical  Engineer  and  Contractor, 
29  West  Twenty-sixth  St.,  New 
York. 

Inspector.  Postal  Telegraph-Cable 
Co.,  94  Leonard  St.,  New  York. 

Sup't  and  Electrician,  Commercial 
Telegram  Co.,  18  Broadway,  New 
York. 

Pres't,  United  States  Electric  Light 
Co.,  120  Broadway,  New  York. 

Ries  and  Henderson,  45  Chamber  of 
Commerce.  Baltimore,  Md. 

Jonestown,  Pa. 

Demonstrator  in  Electrical  Engineer- 
ingand  Physics.  Lehigh  University. 
South  Bethlehem,  Pa. 

Assistant  Electrician,  The  ''C.  &C." 
Electric  Motor  Co.,  402  Greenwich 
St.,  New  York. 

Electrician,   The  Excelsior  Electric 
Co.,  196  Willoughby  St.,   Brook- 
lyn. N.  Y. 
Holt,  Marmaduke  Burrell,  Aspen  Mining  and  Smelting  Co., 

Aspen,  Col. 

403  North  8th  St.,  St.  Louis,  Mo. 

Patent  Lawyer,  38  Park  Row,  New 
York. 

Director,  Nederlandsche  Bell  Tele- 
phone Co.,  Amsterdam,  Holland. 


Hasson,  W.  F.  C. 
Hatzel,  J.  C. 
Halsey,  William  B. 

HEALY,  CI.ARENCE  L. 

Hebard,  George  W. 
Henderson,  Albert  H  . 

Heilman,  Donald  B. 
Heinrich,  Richard  O. 

Henshaw,  Frederick  V. 

HOCHHAUSEN.  WiLLIAM 


Hopkins,  J.  Herbert 
HowsoN,  Hubert 

HUBRECHT.  Dr.  H.  F.  R. 


Date  of  Election. 

April  15,  1884 
June  5,  1888 
Nov.  12,  1889 

Oct.      I,  1889 

Mar.  18,  1890 
Feb.  7,  1890 
Sept.  14.  1888 

Sept.  3,  1889 
May  34,  1887 
Dec.  6,  1887 

Mar.  18,  1890 

Mar.  18,  T  890 

Sept.  3,  1889 
Mar.   18,  1890 

April  15,  1884 

April  15,  1884 

July  12,  1887 
Mar.   18,  189c 

Oct.      I,  1889 

Feb.      5,  1889 

April  15,  1884 

April  15,  1890 
April    2.  1889 

June     8,  1887 

Oct.      4,  1887 
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Name. 

Humphreys,  C,  J.  R. 
Hutchinson,  Gary  T. 
Idell,  Frank  E. 
IHLDER,  John  D. 

Insull,  Samuel 
Iselin,  Henry  S. 
Ives.  Edward  B. 

Izard,  E.  M. 

Jackson,  C.  H. 

Jackson,  Dugald  C. 

Jackson,  Francis  E. 

Jaeger,  H.  J, 

*• 

Johnston,  W.  J. 

Jones,  Sebastian  C. 


Date  of  Ejection. 

Sept. 

6, 

1887 

Feb. 

7. 

1890 

July 

12, 

1887 

Oct. 

2, 

1888 

Dec. 

7, 

1886 

June 

2, 

1885 

Addreflik 

Manager,  Lawrence  Gas  Co.,  Law- 
rence, Mass. 

Edison  Machine  Works,  Schenec- 
tady. N.  Y. 

Mechanical  Engineer,  41  Dey  St.,' 
New  York. 

Electrical  Engineer,  with  Asterheld 
&  Eickmeyer,  Manuf'rs  of  Dyna- 
mos and  Motors.  Yonkers,  N.  Y. 

Electrical  Manufacturer,  44  Wall  St., 
New  York. 

President,  Gibson  Electric  Co.,  74 
Cortlandt  St.,  New^York 

Lieutenant  U.  S.  A.,  Electrical  En- 
gineer, 47  Barclay  St.,  Residence, 
One  hundred  and  thirty-ninth  St. 
and  Grand  Boulevard,  New  York. 

Electrical  Engineer,  Secretary  and 
Treas'r  of  the  Leonard  &  Izard  Co. , 
The  Rialto,  Chicago,  111. 

President,  United  Electric  Light  and 
Power  Co.,  59  Liberty  St.,  New 
York. 

Sprague  Electric  Railway  and  Motor 
Co.,  16  Broad  St..  New  York. 

With  Edison  Lamp  Co.»  Harrison, 
N.J. 

Chemical,  Physical  and  Electrical 
Glass  Blowing,  173  Pearl  St., 
Brooklyn.  N.  Y. 

President,  The  W.  J.  Johnston  Co., 
Ltd.,  Times  Building,  New  York.     April  15,  1884 

Electrical  Engineer,  Aurora,  N.  Y,       Sept.    6,  1887 


April    2,  1889 

Mar.     5,  1889 

May  24,  1887 
May  3,  1887 
Jan.      3,  1888 

July    12,  1887 


Judson,  Wm.  Pierson, 

U.  S.  Civil  Engineer,  Oswego,  N.  Y. 

June 

8, 

1887 

Kennelly,  a.  E. 

Electrician.      Edison      Laboratory, 

Orange,  N.  J. 

May 

I, 

1888 

Kerr,  Thomas  B. 

Attorney-at-Law,  32  Nassau  St.,  New 

York. 

Nov. 

I, 

1887 

TClMBALL,  A.  S. 

Professor  of  Physics.  Worcester  Poly- 

technic Institute,  Worcester,  Mass. 

Sept. 

3. 

1889 

Kinney,  H.  A. 

Representative  Brush   Electric  Co., 
N.  Y.  Life  Ins.  Building.  Omaha. 

Neb. 

Mar. 

18, 

1890 

Knapp,  Allan  C. 

Electrician,  225  Dearborn  St.,  Chi- 

* 

cago.  111. 

Sept. 

6, 

1887 

Kreidler,  W.  a. 

Editor  and  Publisher,  Western  Elec- 
trician, 6  Lakeside  Building,  Chi- 

cago, 111. 

Oct. 

4. 

1887 

Lain,  David  E.,  B,  S, 

Electrical  Engineer.  Yonkers,  N.  Y. 

Nov. 

13, 

1888 

Law,  M.  D. 

General  Manager  Consolidated  Elec- 

tric Light  Co.,  Denver,  Col, 

Feb. 

7. 

1888 

Lawson,  a.  J. 

Electrical  Engineer  and  Contractor, 

Montreal,  P.  Q. 

Mar. 

1 8, 

1890 

Ledoux,  a.  R. 

Chemical  Expert,  10  Cedar  St.,  New 

York. 

Dec. 

7. 

1886 

Lee,  Huntington 

18  Cortlandt  St.,  New  York. 

Dec. 

3, 

1889 

Digitized  by  VjOOQIC 
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Name. 
Lee,  John  C. 

Leland,  H.  W. 
Lemp,  Hermann,  Jr. 
Lewis,  Henry  Frederick 

LlEBIG,  GUSTAV  A.,  Jr. 
LOWREY,  GROSVENOR  P. 

Lundell,  Robert 
Maclilie,  C.  H. 


Mac  Questen,  W.  D. 
Madden,  O.  E. 
Magee,  Louis  J. 

Malcolm,  Philip  S. 
Mansfield,  Geo.  W. 

Martin,  T.  Commerford 

Maver,  William,  Jr. 

McKiBBiN,  George  N. 

McKinstry,  J.  P, 
McMahan,  John  M. 

Mercer,  Andrew  G. 
Miller,  Joseph  A. 
Miner,  W.  M. 
Mitchell,  John  Murray 
Mitchell,  Sidney  Z. 

Mix,  Edgar  W. 

Moore.  John  J. 
Morrison,  J.  Frank 


Address.  Date  of  Elec  km. 

Chemist  and  Electrician.  American 
Bell  Telephone  Co.,  Brookline, 
Mass.  Mar.    i8,  1890 

Manager,  Telephone  Exchange,  259 
Washington  St  .Jersey  City.  N  J.     April  15,  1884 

Electrician,  Thomson  Electric  Weld- 
ing Co  ,  Lynn,  Mass.  April  2,  1889 
William.  General  Manager  and  Se- 
cretary of  the  Western  Counties 
South  Wales  Telephone  Co.,  Eng- 
land, 16  High  St ,  Bristol,  Eng.         Mar.     5.  1889 

Elec'l  Testing  Bureau,  Johns  Hop 
kins  University,  Baltimore,  Md.        Mar.     6,  1888 

Lawyer,  15  Broad  St.,  Residence  121 
Madison  Ave.,  New  York.  Nov.     i,  1887 

Designing  Draftsman,  Sprague  Elec. 
Ry.  Co.,  141  East  49tfi  St.,  New 
York.  Feb.     7,  1890 

Broker  in  Electrical  Securities, 

II  Wall  St..  New  York.     July  12.  1887 

Field  Engineering  Co.,  15  Cortlandt 
St..  New  York  April  15,  1890 

President,  Empire  City  Electric  Co., 
15  Dey  St.,  New  York.  April  15,  1884 

Electrical  Engineer,  in  charge  Oi'  Eu- 
ropean Office  of  Thomson- Hous- 
ton    International    Electric    Co., 
MichaelisbrUcke  i,  Hamburg,  Gy.     April    2,  1889 
Western  Agent,  Gibson  Electric  Co., 

Portland,  Oregon.  Mar.    18,  1890 

Electrical  Engineer,  with  Thomson- 
Houston  Electric  Co. ,  620  Atlantic 
Ave.,  Boston,  Mass.  June    2.  1885 

{Fast  President  and  Vice-President.) 
Editor.  The  Electrical  Engineer, 
150  Broadway,  New  York.  April  15,  1884 

(Manager.)  Electrical  Expert,  31 
Nassau  St.,  New  York.  July    12.  1887 

Chemist  and   Electrician,   46  West 

Fifty-first  St.,  New  York.  June     8,  1887 

185  Seneca  St.,  Cleveland.  O.  April  15,  1884 

Bergen  Point,  N.  J.  Aug.    6,  1889 

Treasuier  and  Electrician,  Waterloo    Sept.    3,  1889 

Electric  Co..  Waterloo,  N.  Y. 
Civil    and     Consulting     Engineer, 

Providence.  R.  I 
Electrician  and  Inventor,    89  East 

Second  St.,  Plainfield,  N.J. 
Lawyer,    Box   3712,    45   Wall   St., 

New  York. 
Manager,  Oregon,  W^ashington  and 

Idaho    Agency,    United    Edison 

Mfg.  Co.,  Washington  Building, 

Portland,  Or. 
Electrician,  with  Thomson-Houston 

Electric  Co. ,  Lynn,  Mass. 
425  E.  Twenty-fourth  St ,  isew  York. 
15  South  St.,  Baltimore,  Md. 

Digitized  by  ^ 
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Name. 

Morton,  Henry,  Ph,  D 
Moses,  Dr.  Otto  A. 
Moss.  Geo.  W. 
Mosscrop,  Wm.  a. 

Newell,  Arthur  J, 
NiciiOLLS,  F.  Victor 

Nichols,  Arthur  E. 

NuNN.  Richard  ^.,M.  D. 
Oatis,  John  X. 

Ockershausen,  H.  a. 

O'Dea,  M. 

Palmer,  G  W..  Jr. 

Parsell,  Henry  V.,  Jr. 
Paul,  Chas.  M. 

Peck.  Samuel  C. 

Peircb,  Wm.  H. 

Phelps,  Geo.  M. 
Phillips,  Eugene  F. 
Plush,  Dr.  S.  M. 
Poole,  Cecil  P. 
Pupin,  MichaelJI. 

Pope.  Ralph  W. 

Kae,  Frank  B. 
Randall,  John  E. 
Rkbd,  Chas.  J. 


Address. 

President  of  Stevens  Institute  of 
Technology,  Hoboken,  N.  J. 

Electrician,  131  East  Seventy-third 

St.,  New  York. 
Station  Manager,  C.  & S.  A.  Tel.  Co., 
Tehuantepec,  Mexico. 

Sup't  of  Construction,  Woodbridge 

&   Turner,  N.  Y.,  Residence,  35 

Clifton  Place,  Brooklyn,  N.  Y. 

Electrical  Engineer,  R.  T.  Oakes  & 

Co.,  184  Beech  St.,  Holyoke,  Mass. 

Electrician  and  Manager  Vancouver 
Electric  Illuminating  Co  .  Van- 
couver, B.  C. 
Student  in  Electrical  Engineering, 
Columbia  College,  16  E.  35th  St., 
New  York  City. 

Physician,  119  York  St.,  Savannah 
Ga. 

Manager  and  Electrician,  Amster- 
dam Electric  Light  &  Power  Co. , 
Amsterdam,  N.  Y. 

Electrical  Engineer.  65  Madison 
Ave.,  Jersey  City.  N.  J. 

Electrician,  University  of  Notre 
Dame,  Notre  Dame,  Ind. 

General  Manager,  McKeesport  Light 
Co ,  McKeesport,  Pa. 

31  East  Twenty-first  St.,  New  York. 

Electrician,  Care  of  Weston  Electrical 
Instrument  Co.,  645  High  St., 
Newark,  N.  J. 

Electrician,  Thomson- Houston  Elec- 
tric Co.,  620  Atlantic  Ave,  Bos- 
ton.. Mass. 

Superintendent  Marine  Installations, 
United  Edison  M'f'g  Co.,  65  Fifth 
Ave.,  New  York. 

( Treasurer).  Electrical  Engineer  and 
Editor,  150  Broadway,  New  York. 

M'f'r  Insulated  Electric  Wire.  Provi- 
dence, R.  I. 

Electrician.  319  South  Tenth  St  , 
Philadelphia,  Pa. 

Contracting  Electrical  Engineer, 
206-8  Eighth  St.  Lynchburg,  Va. 

Instructor  in  Mathematical  Physics, 
Columbia  College,  68  W.  72d  St., 
New  York  City. 

Secretary  of  the  American  Institute 
of  Electrical  Engineers,  5  Beekman 
St.,  New  York. 

Electrical  Engineer.  Detroit  Electri- 
cal Works,  Detroit,  Mich. 

Incandescent  Lamp  Dep't,  Thomson- 
Houston  Electric  Co.,  Lynn,  Mass. 

Electrician,  224  High  St.,  Orange, 

N.J. 
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Date  of  Election. 
May  24,  1887 
May  17,  1887 
Jan.      7,  1890 

May  7,  1889 
Mar.    18,  1890 

Dec.     4.  1888 

Mar  18,  1890 
July    12,  1887 

Sept.    7,  1888 

Sept.    6,  1887 

June     8,  1887 

April  15, 1890 
Nov.    12,  1889 

May    '7,  1889 

Sept.    6.  1887 

Sept.  7.  1888 
April  15,  1884 
July  13,  1889 
April  15,  1884 
Jan.      3,  1888 

Mar.   18,  1890 

June  2,  1885 
April  15,  1884 
May'     7,  1889 
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Name. 

Reed,  Henry  A. 

Reilly.  John  C. 
Reinmann,  a.  L. 
RiKER,  Andrew  L. 
Robinson,  Almon, 

RoEBLiNG,  Ferdinand  W. 
roessler,  s.  w. 
Rogers,  Winfield  S. 

RODME,  H.  C. 
Rosenbaum,  Wm.  a. 

RoYCE,  Fred  W. 

Ryan,  Harris  J. 
Sargent,  W.  D. 
Sawyer,  Frederick  J. 
Saxelby,  Frederick, 

Schmidt,  Frederick, 

Searing,  Lewis 
Seely,  J.  a. 

Serrell,  Lemuel  Wm. 
Shaw,  George  B. 
Sheehan.  William  M. 

Sise.  Charles  F. 

Smith,  Frederick  H. 
Smith,  Gerritt 


Address.  Date  of  Election. 

Secretary     and      Manager,    Bishop 

GutU  Pcrcha  Co.,  422  East  Twen- 
ty-fifth St.,  New  York.  June     4,  1889 
General  Sup't,  N. Y.  &  N.  J.  Tel.  Co  , 

16  Smith  St  ,  Brooklyn,  N.  Y.  April  15,  1884 

Electrician,      Breckenridgc      Ave.. 

Pittsburgh,  Pa.  June     8,  1887 

Electrical   Engineer   15  East  Fifty- 

fifth  St.,  New  York.  Nov.     t,  1887 

Draughtsman,  Expert  in  Methods  of 

Gearing,  P.  O.  Box.  943,   Lewis- 
ton.  Me.  Sept.     6.  1887 
iVfanufacturer    of    Electrical    Wires 

and  Cables.  Trenton,  N.  J.  June     8,  1887 

Captain,  U.   S.  A..    Willefs   Point, 

Whitestone,  N.  Y. 
Mechanical    Engineer,      Watcrvliet 

Arsenal.  West  Troy,  N.  Y.  Sept.     3,  1889 

32  Liberty  St.,  New  York.  April  15,  1889 

Electrical  and  Patent  Solicitor,  Care 

of   The   hlccUical    WorUi^  Times 

Building.  New  York.  Jan.      3,  1889 

Electrician  and  Patent  Solicitor,  1408 

Pennsylvania    Ave. ,    Washington 

D.  C.  April  15,  1884 

Professor  of  Electrical  Engineering, 

Cornell  University,  Ithaca,  N.  Y.     Oct.     4,  1887 
General  Manager,  N.  Y.  &  N.  J.  Tel. 

Co.,  16  Smith  St.,  Brooklyn.  N.  Y.     April  15.  1884 
Pres't,   The  New  England  Electric 

Co..  55  Oliver  St.,  Boston,  Mass.      June     8,  1887 
Electrical  Engineer,  Superintendent 

of  Exhausting  Department,  Edison 

Lamp  Co.,  Harrison.  N.  J.  June    5,  1S8S. 

Managing  Director,    The   Schmidt- 
Douglas   Electric  Co.,    L'td.,   31 

Blenheim  Rd.,  Bradford,  England.     Jan.      3,  188S 
Care  A.  S.  Pope,  Box  124.  Colorado 

Springs,  Colorado.  April    3,  1 88S 

General    Manager,   Complete    Con- 
struction  Co.,   24   Cortlandt   St., 

New  York.  April  15,  18S4 

Mechanical  aud  BUectrical  Engineer, 

[15  Broadway.  New  York.  Nov.     i,  1887 

General  Manager,  National  Electric 

Mfg.  Co.,  Eau  Claire,  Wis  April  15,  1S90 

Manager  and  Electi  ician,  Newburgh 

Electric   Light   &   Power   Co.,  65 

Montgomery  St..  Newburgh.  N.Y.     Sept.    3,1889 
Vice-President  and  Managing  Direc- 
tor, Bell  Telephone  Co.,  of  Canada, 

and  Canadian  Telephone  Co  ,  Ltd., 

Montreal,  Canada. 
Civil  Engineer.      227  East  German 

.St.,  Baltimore,  Md. 
Circuit   Electrician,    195  Broadway, 

New  York. 
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Name. 

Smith,  J.  Elliot 
Smith,  Jesse  M. 

SoL^zA,  Carlos  Monteiro 
Spicer.  Chas.  W.  W. 
Spike,  Clarence  J. 
Sprague,  Frank  J. 

Stadblman,  Wm.  a. 

Stanley,  William,  Jr. 
Stearns,  Charles  K. 

Stebbins,  Theodore 

Steinmetz,  Charles 
Stockbridge.  Geo.  H. 
Stockly,  Geo.  W. 
Stuart.  Otis  K. 
Stump,  Clarence  E. 

Taylor,  Charles 
Temple,  William  Chase 
Tesla,  Nikola 
Thompson,  William  Geo. 

Thomson,  Prof.  Elihu 

Townsend,  Henry  C. 

Tregoning,  John 
Uebelacksr,  Chas.  F. 
Umlenhaut,  Fritz,  Jr. 


Address.  Date  of  Election. 

Superintendent  Fire  Alarm  Tele- 
graph, 157  East  Sixty-seventh  St., 
New  York.  April  15,  1880 

Consulting  Electrical  Engineer  and 
Expert  in  Patent  Causes,  36  Mof- 
fatt  Block.  Detroit,  Mich.  April  15,  1884 

e  Rio  de  Janeiro,  Brazil.  Sept.    6,  1887 

122  West  2ist.  St  ,  New  York  City.    Nov.  12,  1889 
Halifax,  N.  S.  Mar.   18,  1890 

Electrician,  and  Vice-President, 
Sprague  Electric  Railway  &  Motor 
Co.,  16  Broad  St.,  New  York.  May    24,  1887 

Vice-Prest.  and  Chief  Engineer,  Equit- 
able Elec.  Ry.  Construction  Co., 
418  Walnut  St  ,  Philadelphia,  Pa.     Feb.     7,  1890 
Electrician,  Englewood,  N.  J.  Dec.     6,  1887 

With  Thomson-Houston  Electric 
Co..  620  Atlantic  Ave.,  Boston, 
Mass.  Aug.     6,  1889 

Electric  Railway  Inspector,  Thom- 
son-Houston Elec.  Co  ,  620  Atlantic 
Ave..  Boston,  Mass.  July     9,  1889 

Electrician,  Osterheld  &  Eickemeyer, 

Yonkers,  N.Y.  Mar.  18,  1890 

Patent    Attorney,    132   Nassau  St., 

New  York.  May   24,  1887 

President,  Brush  Electric  Co..  Cleve- 
land, O.     .  April  15,  1884 
Clerk,    Thomson   Electric    Welding 

Co..  Lynn,  Mass.  June     4,  1889 

Bus.  M'g'r  and  Treas'r,  The  W.  J. 
Johnston  Co.,  Ltd..  Publishers  of 
the  Electrical  World,  167-177 
Times  Building,  New  York.  May    17.  1887 

Metallurgist.  U.  S.  Assay  Office,  30 

Wall  St.,  New  York.  Nov.     i,  1887 

Electrical    Engineer,    575    Madison 

Ave.,  New  York.  May      3,  1887 

Electrical  Engineer  and  Inventor, 
Astor  House,  New  York.  June     5,  1888 

MacNeill,  Resident  Engineer,  Sault 
Ste  Marie  Canal,  Sault  Ste.  Marie, 
Ontario.  July    12,  1887 

{President),  Electrician,  Thomson- 
Houston  Electric  Co.,  and  Thom- 
son Electric  Welding  Co..  Lynn, 
Mass.  April  15,  1884 

{Alanager).  Attorney  and  Expert  in 
Electrical  Cases,  5  Beekman  St., 
New  York.  July    lo,  1888 

Sup't,    Thomson    Electric  Welding 

Co.,  325  Boston  St.,  Lynn,  Mass.         April    2,  1889 

Student,  Princeton  Electrical  School. 

Princeton,  N.  J.  Feb.     7,  1890 

Field  Engineering  Co.,  15  Cortlandt 
St.,  New  York.  May     7,  1889 
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Van  Vleck,  Frank 
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Wacker,  George  G. 

Wallace,  William 
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Waring,  Richard  S. 
Waterhouse,  F^rank  G. 

Waters,  Edward  G. 

Weil,  Leopold 
Welles,  Francis  R, 

White,  H.  C. 

White,  J.  G. 
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Williams,  Charles,  Jr. 
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Winkler.  Charles  F. 
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Address.  Date  of  Election. 

( Vice-President).  Treasurer  and 
General  Manager,  Edison  Lamp 
Co.,  Harrison,  N.  J.  May    17.  1887 

President,  Metropolitan  Telephone  & 
Telegraph  Co.,  18  Cortlandt  St, 
New  York.  April  15,  18S4 

Electrician,  Okonite  Insulated  Wire 

Co.,  Passaic,  N.  J.  Mar.  18.  1890 

Manager,  Duluth  Telephone  Co., 
Duluth,  Minn.  Sept.     6,  1887 

65  F'ifth  Avenue,  New  York.  April    2,  1S89 

Wilmington  City  Electric  Co.,  Wil- 
mington, Del.  Feb.     5,  1889 

Central  and  South  American  Tel. 
Co.,  Tehuantepec,  Mexico.  June     5,  1886 

Chief   Engineer,    San   Diego   Cable 

Tramway  Co.,  San  Diego,  Cal.  Nov.   16,  1886 

Dealer  in  Electrical  Supplies,  Ponce, 
Porto  Rico.  Sept.    6.  1887 

Electric  Organs,  3644  Third  Ave., 
New  York.  Sept.    6,  1887 

Wire  Manufacturer,  Ansonia,  Conn.      April  15,  1884 

Schenectady,  N.  Y.  April    2.  1889 

19  Cedar  St.,  Newark,  N.  J.  Nov.   12,  1889 

205  Penn  Building.  Pittsburgh,  Pa.       April  15.  1884 

Ass't   General  Sup't.'  Westingbouse 

Electric  Co.,  Pittsburgh,  Pa.  Sept.    6,  1887 

Electrical  Engineer.  Thomson-Hous- 
ton Electric  Co  ,  620  Atlantic  Ave., 
Boston,  Mass.  Mar.  18.  1S90 

Importer,  X2i  Mercer  St.,  New  York.     June     8,  1887 

Manufacturer,  Bell  Telephone  Manu- 
facturing Co.,  Antwerp,  Belgium       Sept.     6,  1887 

Manager,  Phoenix  Iron  Works  Co.. 

16  Dey  St.,  New  York.  April  15.  1884 

Manager,  The  Western  Engineering 
Co.,  Kearney,  Neb.  April    2,  1889 

Electrical  Engineer,  Sec'yand  Treas. 
Western  Engineering  Co.,  Kear- 
ney, Neb.  Feb.      7.  1890 

Electrical  Engineer,  United  Edison 

Mfg.  Co.,  65  Fifth  Ave..  N.Y.  C.    Mar.    18.1890 

President.  W^est  End  Street  Railway 
Co.,  81  Milk  St.,  Boston,  Mass.        July    12,  1887 

Electrical  Engineer  and  Inventor, 
Thomson-Houston  Electric  Co., 
Lynn,  Mass.  Mar.      5.  1889 

Scientific   Expert,    15   Astor    Place, 

New  York.  *  F*eb.      7.  1888 

Electrician,  100 Sudbury  St.,  Boston. 

Mass.  April  15.  1884 

44  Broadway,  New  York.  Sept.     7,  1888 

Electrician,   Troy   Electric    Dynamo 

Co.,  4  Park  Ave.,  Troy,  N.  Y.  Sept.     3,  1889 

458  Produce  Exchange,  New  Y'ork.       Nov.  12,  1889 
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Address. 

Theorist,  36  Pine  St.,  New  York. 

United  Edison  Mfg.  Co.,  65  5th  Ave., 
New  York. 

Consulting  Electrician,  849  Greene 
Ave  ,  Brooklyn.  N.  Y. 

Electrician,  N.  Y.  &  Pa.  Telephone 
&  .Telegraph  Co.,  Elmira.  N.  Y. 

Consulting  Engineer  and  Contractor, 
243  Broadway,  New  York. 

Agent,  Sprague  Electric  Railway  & 
Motor  Co.,  Des  Moines,  Iowa. 

Manager,  Electrical  Review^  13  Park 
Row,  New  York 

Contractor  for  Organization  and  com- 
plete Equipment  of  Electric  Light- 
ing Plants,  loi  Bank  St.,  Water- 
bury,  Conn. 

Superintendent  and  Electrician, 
Mount  Morris  Electric  Co.,  Van- 
dam  and  Greenwich  Sts.  Residence, 
262  West  One  hundred  and  twenty- 
third  St.,  New  York. 

Captain  of  Artillery,  U.  S.  A.,  Care 
of  War  Dept.,  Washington,  D.  C. 


Date  of  Election. 
May     7,  1889 

Sept.    8,  1888 

Mar.     6,  1888 

Mar.    18,  1890 

July    12,  1887 

Oct.      2,  1888 

April  15,  1884 

Sept.     6,  1887 

Jan.      3,  £889 
May    17,  1887 


Associate  Members, 


280. 


SUMMARY. 

Honorary  Members, 2 

Members, 145 

Associate  Members. 280 

Total        -        -        -        -      427 
Any  errors  in  this  list,  or  changes  in  address  should  be  reported  to  the  Secretary. 


Otho  Ernest  Michaelis,  Ph.  D.,  Major  of  Ordnance,  U.  S.  Army,  and 
Commandant  of  the  Kennebec  Arsenal,  Augusta,  Me.,  died  at  Augusta,  of 
spinal  menginitis.  May  ist,  1890.  Major  Michaelis — then  Captain — was  elected 
an  Associate  Member  of  the  Institute  December  9th.  1884,  and  was  transferred  to 
full  membership.  January  6th,  1885.  On  May  i8th,  1886  he  was  elected  a  ^anager , 
and  upon  the  expiration  of  his  term  was  elected  a  Vice-President  May  21st,  1889, 
which  office  he  held  at  the  date  of  his  death.     He  was  46  years  of  age. 
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AMERICAN    INSTITUTE    OF   ELECTRICAL 
ENGINEERS. 


The  forty-fifth  meeting  of  the  Institute  was  held  at  Columbia 
College,  New  York  City,  April  2d,  President  Seth  Low,  of 
Columbia  College,  in  the  chair,  who  welcomed  the  Institute 
with  the  following  address : — 

Professob  Thomson  and  Gentlemen  of  the  Amebican  In- 
stitute OF  Electbical  Engineers  :  It  is  a  very  great  pleasure 
to  me,  as  President  of  Columbia  College,  to  welccme  ycu  to  our 
buildings  this  evening.  You  remember  that  at  the  Philadelphia 
Exposition  of  1876,  over  the  poitals  of  the  Egyptian  Depart- 
ment was  an  inscription  something  to  this  eflFect,  ''  Earth's  Oldest 
Nation  to  her  Youngest,  Greeting."  And  so  it  seems  a  very 
fitting  thing  that  the  oldest  educational  institution,  certainly  of 
a  high  order,  in  New  York  City,  should  give  this  welcome  to 
representatives  of  the  youngest  of  the  sciences.  (Applause.)  I 
can  assure  you  that  you  could  go  to  no  place  on  this  Continent 
where  you  would  receive  a  happier  or  more  sympathetic  or  more 
intelligent  welcome;  for  there  is  this  difference  between  old 
Egypt  and  old  Columbia — whereas  thie  greatness  of  Egypt  lies 
in  her  past,  those  of  us  who  are  working  in  Columbia  to  day  are 
sanguine  with  the  expectation  that  what  Columbia  has  been  and 
done  in  the  past  is  only  the  earnest  of  what  she  will  be  and  do 
for  science,  for  all  education,  in  the  coming  time.  (Applause.) 
And  that  which  we  think  of  Columbia  we  think  of  you,  and 
that  wliich  the  electrician  has  done  in  the  past  is  only  the 
earnest  of  what  he  yet  shall  do.  I  rather  expect  to  see  the  day 
when  this  little  Electrical  School  here,  which  has  just  been 
started  under  the  auspices  of  Columbia,  may  need  a  building 
larger  than  any  one  we  have  upon  this  block  for  the  proper  ex- 
ecution of  its  work  and  for  the  proper  care  of  its  collections. 
And  this  is  to  be  thought  of  and  remembered  by  you  who  come 
to  us  from  a  distance,  that  whereas  some  colleges  hav  e  given 
their  attention  to  science  out  of  funds  specifically  donated  for 
that  purpose,  all  that  Columbia  has  done  through  her  School  of 
Mines  and  its  many-sided  activity,  she  has  done  out  of  the 
general  purse.  She  has  recognized  that  valuable  as  letters  are, 
valuable  as  the  classics  and  philosophy  are,  science  is  equally 
entitled  to  her  care.  As  men  of  science  I  suppose  that  is  all 
you  will  ask.  Again  I  welcome  you  very  cordially,  Mr.  Pred-r 
dent  and  all  your  colleagues,  to  Columbia  College. 

Digitized  by  VjOOQIC 


A  lecture  delivered  at  the  4Stk  meeting  of  the  A  merican 
Institute  of  Electrical  Engineers.  New  York,  April 
9,  i8qo. 


PHENOMENA   OF    ALTERNATING   CURRENT 
INDUCTION. 


BY   PBOFE880R   ELIHU   THOMSON. 


Mr.  President,  Ladies  and  Gentlemen,  and  Members  of  the 
Institute:  The  subject  which  we  have  in  hand  this  evening  is 
more  of  an  experimental  character  than  otherwise,  and  the  ob- 
ject is  to  bring  before  the  Institute  chiefly  the  results  of  some 
actions  in  relation  to  alternating  currents — actions  which  are 
novel  and  curious,  and  some  of  which  have  never  before  been 
shown  to  the  public.  Others  formed  the  feature  of  the  exhibit 
which  we  made  at  Paris  in  the  past  year.  The  lecture  will  deal 
chiefly  with  effects  producible  in  closed  conductors  or  closed 
bands  subject  to  the  influence  of  what  we  call  induction. 
Everyone  is  familiar  with  the  action  produced  by  passing  a 
current  around  a  bar  of  iron.  If  we  have  a  coil  surrounding 
the  bar  and  pass  an  ordinary  continuous  current,  as  it  is  termed 
— a  current  which  does  not  change  its  direction  and  does  not 
vary  greatly,  we  get,  according  to  the  direction  of  the  current, 
nortli  and  south  polarity  respectively  developed  at  the  ends  of 
the  bar  and  down  the  sides  to  some  extent,  the  neutral  region 
or  point  of  no  polarity  being  in  a  bar  of  uniform  section  and  of 
uniform  material  about  the  centre.  I  may  say  that  the  magnet- 
ization in  putting  the  current  through  the  coil  is  almost  instan- 
taneous, that  is  to  say,  if  the  magnet  is  of  moderate  dimensions 
and  we  connect  it  with  a  battery,  we  find  at  once  that  the  ends 
are  north  and  south  in  polarity.  But  if  we  take  such  a  magnet 
and  surround  it  with  a  thick  copper  tube,  or,  what  will  answer 
just  as  well,  a  band  of  copper,  which  makes  what  we  call  a 
closed  circuit,  then  we  find  that  on  passing  the  current  into  the 
inner  coil,  for  example,  the  magnetism  does  not  appear  instan- 
taneously at  the  ends,  but  we  have  it  coming  verj  lazily  and 
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gradually,  according  to  the  thickness  of  this  outer  envelope 
of  copper.  We  make  what  is  called  a  sluggish  magnet.  We 
slow  up  the  production  of  magnetism  in  the  bar.  The 
reason  for  this  is  very  simple.  When  we  start  the  current 
through  the  inner  coil  we  have  at  the  same  moment  a  reverse 
or  opposing  current  passing  in  the  outer  coil  or  band  which  kills 
or  holds  back  the  development^  of  magnetism.  After  a  little 
while,  it  may  be  a  second  or  two  in  moderate-sized  magnets, 
sometimes  even  more  than  that — the  magnetism  has  reached 
about  its  normal  value  as  though  no  band  or  closed  circuit  sur- 
rounded it.  We  can  in  this  way  construct  magnets  which  will 
not  respond  to  quick  impulses  of  current,  but  will  only  respond 
to  impulses  lasting  for  a  certain  time.  These  are  facts  which  are 
pretty  well  known  and  sometimes  made  use  of.  But  let  us  now 
consider  what  would  happen  if  we  were  to  take  away  the  con- 
tinuous current  and  substitute  what  we  call  an  alternating  cur 
rent — a  current  which  goes  in  one  direction  during  a  portion 
of  the  time  and  reverses,  going  in  the  other  direction,  during  an- 
other portion  of  the  time.  These  currents  can  be  made  to  change 
their  direction  many  thousand  times  a  second,  or  we  can  have 
them  change  only  a  few  times  a  second,  or  have  them  change 
every  few  seconds.  The  period  or  ra])idity  of  vibration  or  al- 
teration can  be  varied  within  the  widest  limits  We  find  that 
with  the  alternating  current  passed  through  the  coil — removing 
the  envelope— we  will  get  north  and  south  polarity  quickly  re- 
versed. That  is,  every  time  one  current  moves  one  way  through 
the  coil,  north  magnetism  will  appear  at  one  end  of  the  bar  and 
south  magnetism  at  the  other,  and  when  it  reverses,  the  magnet- 
ism will  reverse,  and  if  the  current  alternates  or  changes  its  di- 
rection many  times  a  second,  these  alternations  of  magnetism  will 
produce  what  we  call  an  alternating  magnetic  field  outside  of 
thfe  bar.  At  the  same  time  we  will  notice  that  the  alternating 
current  is  strongly  opposed  in  its  passage  by  having  to  reverse 
the  magnetism.  That  is,  it  is  doing  the  work  of  upsetting  or 
turning  around  the  particles  of  iron  in  the  bar  and  it  encounters 
an  opposition.  The  poles  will  reverse  rapidly,  as  I  was  saying, 
and  we  will  have  magnetism  developed,  but  we  will  not  be  able 
to  tell  whether  it  is  north  or  south  if  the  alternating  current  is 
changing  its  course  rapidly ;  but  we  will  find,  as  I  said,  that  the 
alternating  current  will  not  pass  as  freely  through  the  coil  as  a 
continuous  current,  but  will  meet  with  an  opposition  which  we 
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call  self-induction — or  counter-electromotive  force.  Now,  if  we 
put  the  closed  band  in  place  around  the  coil  we  will  find  that  the 
magnetic  effects  are  almost  wiped  out,  and  further  that  the  op- 
position to  the  passage  of  the  currents  through  the  coil  has 
been  almost  exterminated.  Or,  in  other  words,  the  coil  has  now 
become  transparent  to  the  alternations — the  alternations  passing 
freely  through,  whereas  before  they  were  very  much  hindered. 
Here  then,  we  have  another  difference  from  the  action  which 
takes  place  with  continuous  currents.  Furthermore,  we  find 
that  if  this  band  is  loose  or  movable  we  will  get  mechanical  ac- 
tions exerted  with  the  band  in  certain  positions  We  make  use 
of  these  principles  in  what  are  called  re-active  coils  for  alterna- 
ting currents,  an  example  of  which  is  found  here,  (Fig.  1 .)  If 
we  pass  through  the  coil  which  you  see  wound  upon  this  strac- 
-^  ture,  or  core  made  of  sheet  iron — if  we  pass 
a  current  through  this  coil,  we  find  that  when 
this  copper  piece  which  forms  a  band  around 
the  coil,  is  over  here  away  from  the  coil  a  very 
great  opposition  is  exerted  to  the  passage  of 
the  alternating  current,  and  we  can  use  that 
Fig.  1.  coil  in  order  to  oppose  the  passage  of  such 

currents  just  as  we  would  put  a  resistance  in  circuit  with  a  con- 
tinuous current  to  oppose  its  passage — with  this  difference,  that 
wherever  we  use  a  resistance  in  circuit  with  a  continuous  current 
we  lose  the  energy  of  the  current — we  waste  current ;  but  in  the 
case  of  the  use  of  such  a  coil  as  this — a  self -inductive  coil — ^we 
waste  only  a  small  amount  of  the  energy  and  are  enabled  to  op- 
pose the  passage  of  the  alternating  current  or  currents  with  great 
force — cut  it  down  without  making  the  loss  real. 

If  now  we  wish  to  remove  that  opposing  influence  we  can  do 
it  with  the  greatest  possible  smoothness  by  simply  bringing  this 
closed  copper  band  over  the  coil  and  we  can  graduate  in  that 
way  to  the  nicest  degree  possible  the  force  of  the  alternating 
current  subject  to  this  action.  But  we  would  notice,  in  using 
the  apparatus  for  the  purpose  mentioned,  that,  when  we  began 
to  bring  this  copper  over  the  other  coil,  an  opposition  to  the 
movement — we  would  find  a  repulsion — a  tendency  to  drive 
back  or  remove  the  copper.  In  fact  we  can  easily  imagine  that 
with  the  copper  band  in  the  present  position  a  strong  current 
sent  through  the  terminals  of  the  apparatus  would  throw  it 
completely  over  so  as  to  put  the  full  kick  or  reaction  in  the 


•  Digitized  by  VjOOQIC 


189 ).]  ALTERNA  TING  CURRENT  INDUCTION.  185 

circuit.  This  repulsive  action  is  one  of  the  phenomena  to  which 
I  wish  to  call  attention  particularly  this  evening.  That  is,  we 
propose  to  make  this  outer  band  loose — to  give  it  a  chance  to 
move  and  then  study  some  of  the  actions  obtained.  I  brought 
to  the  notice  of  the  Institute  about  three  years  ago  a  variety  of 
dispositions  of  parts,  apparatus  and  devices  showing  this  repul- 
sive action,  and  I  explained  it,  but  we  had  not  then  the  oppor- 
tunity for  actually  bringing  to  the  notice  of  the  members  the 
instances  of  the  experimental  action  of  the  devices—  the  devices 
were  not  at  hand,  the  current  was  not  at  hand,  and  it  was  not 
easy  to  arrange  matters.  But  we  will  now  make  up  for  that,  or 
try  to.  Now  it  is  hardly  worth  while  this  evening  to  go  into  a 
full  discussion  of  the  causes  of  this  repulsion.  I  will  state  it 
very  briefly,  and  it  will  be  a  repetition  of  what  has  already  been 
said  before  the  Institute.  It  is  simply  this — the  cause  of  the 
repulsion  is  that  in  this  outer  band  there  will  be  developed 
during  the  pas-age  of  the  alternating  impulses  through  the  inner 
or  inducing  coil,  currents  which  are  opposite  in  direction 
throughout  the  major  part  of  their  time  of  existence  to  those 
which  produce  them.  If  we  could  imagine  a  current  passed 
through  this  inner  coil  producing  what  may  be  called  the  theo- 
retical effect  purely,  there  would  be  no  such  repulsion.  But 
there  comes  into  play  an  action  which  we  call  the  lag  or  re- 
tardation of  the  impulse.  This  action  disturbs  the  opposition 
of  the  waves  in  such  a  manner  as  to  cause  the  current  produced 
in  the  outer  band  by  induction  to  be  opposite  in  direction  to  the 
currents  which  produce  the  induction ;  and  opposite  currents, 
according  to  the  laws  well  known,  are  repellant ;  so  that  if  we 
have  two  conductors  near  together,  in  which  opposite  currents 
are  flowing,  we  have  a  repulsive  effort  exerted.  We  ought  to 
get,  according  to  theoretical  considerations,  and  without  intro- 
ducing any  consideration  of  displacement  of  currents  from  the 
theoretical  position — a  wave  which  is  just  a  quarter  of  the  wave 
length  back  of  the  wave  which  induces  it.  But  in  actual  prac- 
tice, if  we  use  as  the  closed  band  a  conductor  of  considerable 
size,  and  of  good  conducting  material,  this  wave  is  not  so  pro- 
duced ;  but  it  is  moved,  it  is  shifted  to  this  position,  (illustrat- 
ing) ;  that  is,  our  real  wave  is  not  the  one  the  quarter  wave  dis- 
placed, but  we  find  it  nearly  where  I  now  show  it.  That  is,  the 
current  in  one  coil  is  in  one  direction,  the  current  in  the  other 
coil  is  in  the  opposite  direction,  and  this  produces  a  repulsive 
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eflfort.  I  do  not  propose  to  go  much  further  into  the  considera- 
tion of  that  subject,  because  we  have  a  number  of  phenomena  to 
bring  before  you  and  that  matter  has  already  been  discussed  be- 
fore the  Institute.^ 

One  of  the  earliest  experiments  which  I  happened  to  make  as 
showing  somewhat  similar  action  to  that  just  mentioned,  was  to 
take  a  coil  of  wire  provided  with  an  iron  core ;  and  support  a 
disc  of  copper,  in  a  balanced  way,  in  front  of  it,  keeping  it  prop- 
erly balanced  by  counterpoises.  We  will  carefully  adjust  the 
weight  so  as  to  get  it  to  about  a  balanced  condition.  On  passing 
a  continuous  current  through  this  coil,  we  simply  magnetize  the 
iron  inside  the  coil.  We  produce  suddenly  a  north  pole  at  this 
point,  but  that  sudden  production  of  a  noi-th  pole  induces  currents 
in  the  disc  placed  opposite  to  the  pole  which  flow  in  such  direc- 
tions as  to  produce  a  north  pole,  as  it  were,  pointing  downward, 
so  that  these  two  north  poles  repel  each  other.  If,  on  the  other 
hand  the  disc  were  slightly .  lifted,  and  I  cut  off  the  current,  the 
disc  will  at  once  fall ;  but  if  I  repeat  the  operation  of  putting  on 
the  current  and  taking  it  oflE  quickly,  we  find  that  there  is  a  con- 
tinued repulsion;  or  in  other  words,  the  disc  is  kept  at  a  distance 
from  the  core.  The  disc  now  is  down  and  I  will  put  on  the  cur- 
rent and  you  will  see  it  rises  about  half  an  inch  and  is  now  in 
oscillation.  I  tried  this  experiment  about  live  years  ago.  You 
see  that  every  time  I  put  on  the  current  there  is  a  repulsion  up- 
ward of  the  disc.  If  now  I  quickly  make  and  break  the  circuit 
you  will  see  that  the  disc  will  stand  at  a  distance.  It  is  thrown 
off  the  core.  We  have,  in  other  words,  a  re- 
pulsion produced  by  continuous  currents 
quickly  interrupted.  That  is  due  to  the  fact 
that  the  currents  induced  or  set  up  by  the 
production  of  a  magnetic  pole  in  this  core 
Fig.  2.  ^^^  attended   by   the    production   of    other 

currents  in  the  disc,  which  oppoee  the  action  and  drive  the  disc 
away.     (Fig.  2.) 

Alternating  currents  applied  to  the  same  conditions  may  be 
regarded  as  very  much  more  rapidly  interrupted,  and,  at  the 
same  time,  reversed  currents,  and  consequently  the  magnetic  ef- 
fects are  very  decided.     To  show  the  action  with  alternatirg 


1.  See  "Novel  Phenomena  of  Alternating  Currents,"  p.  ICO,  Vol.  iv.  of 
Transactions. 
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currents,  we  have  only  to  take  a  plain  copper  ring  and  lay  it  over 
the  coil  as  you  see.  (Fig.  3.)  We  have  a  source  of  alternating 
(5^';^-^-*^  currents  which  are  conducted  from  the  lines 

g^^^  outside,  and  which  are  transformed  by  a  trans- 

OBm^  a»^/*v     former  to  200  volts,  beginning  at  a  thousand 
■■  volts  on  the  supply  lines,  and  I  will  close  the 

^^:i=r  circuit  of  the  secondary  coil,  and  you  see  that 

Fig.  3.  ^^  have  a  copper  ring  resting  on  a  support 

some  distance  down  the  inducing  coil.  You  see  this  action 
of  repulsion  is  so  considerable  as  to  throw  the  ring  bodily  up- 
ward. (Applause.)  Here  the  action  is  exactly  what  we  have 
before  seen,  but  it  is  intensified  to  a  wonderful  extent.  This 
is  a  heavy,  solid,  copper  ring,  and  it  is  driven,  as  you  see, 
up  into  the  air  quite  a  height.  If  I  put  on  the  current  now  for 
a  few  moments  permanently,  I  may  be  able,  with  care,  to  balance 
this  ring  for  an  instant  in  free  air.  (Applause.)  This  action  of 
repulsion  may  be  exhibited  in  very  many  ways,  and,  as  you  see, 
we  have  one  here,  in  which  instead  of  holding  the  ring  it  is  now 
supported  in  the  air.  But  that  is  not  all — two  rings  are  as  well 
supported  as  one. 

The  reason  for  this  is  quite  simple.  That  ring  is  affected 
by  the  alternating  current  passing  in  the  inducing  coil  and  it  is 
affected  in  such  a  way  as  to  produce  currents  that  circulate  re- 
versely, but  are  always  behind  time  as  respects  the  inducing  cur- 
rents so  as  to  be  in  the  opposite  direction  to  these  currents  at 
nearly  all  times.  This  second  ring  put  under  the  same  condi- 
tions is  affected  in  precisely  the  same  way  as  that  ring,  and  there- 
fore the  currents  in  that  ring  and  in  this  ring  are  parallel  and  in  the 
same  direction.  Consequently  they  attract  each  other  instead  of 
repelling.  We  have  then  repulsion  from  this  first  band  and  the 
coil — between  this  second  band  and  the  coil,  and 
because  the  one  is  affected  like  the  other,  we 
have  attraction  between  them  so  that  they  hang 
together,  and  you  can  hear  the  tremor  of  the 
alternations.  That  little  rattle  you  hear  indicates 
simply  the  time  when  there  is  no  current.  The 
rings  fall  apart  for  a  moment  and  before  they 
can  get  apart  another  current  is  set  up  which 
draws  them  together.     (Fig.  3a.) 

Not  only  is  this  repulsive  effect  manifested  as  you  see,  l:ut  if 
the  ring  cannot  get  away  from  the  coil  it  will  undergo  what  we 
call  the  deflective  action,  or  it  tends  to  turn  up ;    beside^^e^AcI^ 
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tion  is  exerted  all  around  the  coil  as  you  see.  I  cannot  bring  that 
ring  over  the  coil.  It  is  thrown  back.  Wherever  there  is  any 
of  this  magnetic  field  the  repulsion  is  exerted  and  it  tends  to  turn 
the  ring  up  into  the  vertical  position  or  plane.  The  moment  I 
turn  it  down  in  this  fashion,  you  see  it  is  with  difficulty  that 
I  can  pass  it  over  the  coil.  But  if  we  desired  to  cut  oflf  all  this 
effect  we  would  only  need  to  cap  that  coil  with  a  very  heavy  cop- 
per cap,  and  then  the  experiments  would  take  on  a  very  different 
character.  I  cannot  lay  this  copper  plate  on  the  coil,  as  you  see. 
This  acts  just  as  the  ring  does.  It  is  a  number  of  rings  concen- 
tric, all  of  which  can  have  current  developed  in  them,  and  it  is 
impossible  to  lay  this  plate  on  the  coil,  for  it  is  driven  away.  If 
I  were  to  cut  the  current  off  and  lay  the  ring  down,  and  then  put 
on  the  current  in  the  inducing  coil,  the  copper  disc  would  jump 
off.  That  is  the  case,  too,  with  a  silver  coin  if  we  get  the  field 
strong  enough.  There  is  hardly  force  enough  there ;  but  if  we 
get  a  very  powerful  field  a  silver  coin  will  be  thrown  completely 
off.  This  disc  we  may  say  exhausts  the  magnetic  field.  If  I  lay  it  in 
the  field  and  force  it  down  I  get  an  effect  preventing  the  passage  of 
magnetic  force  through  it.  Here  is  a  lamp  which  I  light  simply 
by  connecting  it  with  a  coil  and  bringing  the  coil  near  this  coil 
or  pole  Notice  when  I  put  the  copper  plate  between.  Now  we 
will  insert  the  copper  plate — the  lamp  is  extinguished.  And  the 
moment  we  withdraw  the  plate  it  lights  again,  and  we  can 
can  graduate  its  intensity,  and  as  it  were  turn  the  lamp  up  and  down 
as  we  do  with  gas.  (Fig.  4.)  I  call  this  a  shading  action — that  is,  the 
plate  shades  the  magnetic  field.  Or  it  may  be  said 
to  be  a  deflector — it  deflects  or  reflects  the  mag- 
netic field.  It  is  like  a  polished  plate  of  silver  as 
compared  with  light,  and  we  have  only  to  bring  it 
down  to  the  field  and  we  find  that  the  field  is 
diverted  and  kept  from  passing  through,  so  that  it 
cannot  affect  the  coil  on  the  upper  side  which 
would  feed  the  lamp  if  the  field  were  not  shaded. 
Fig.  4.  yf^  could  vary  these  experiments  to  a  great  ex- 
tent, and  I  had  prepared  a  few  examples  of  variation,  but  one 
of  them  met  with  an  accident — that  was  this  little  fioating  lamp. 
This  little  lamp  ought  to  be  connected  with  the  coil,  but  it  got 
broken  on  the  way,  and  therefore  I  cannot  show  the  experiment. 
It  was  to  be  placed  in  this  glass  vessel  full  of  water,  and,  as  you 
see,  it  would  fall  to  the  bottom.  If  the  circuit  had  been  com- 
plete, on  putting  it  into  the  field,  we  would  not  only/see  the  lamp 
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Fig.  5. 


liglit  under  the  water  by  the  sheer  effect  of  the  magnetic  field 
traversing  the  water  and  producing  light  in  the  lamp,  but  we 
would  also  see  at  the  same  time  the  lamp  rise,  and  we  would 
have  both  phenomena —the  production  of  current,  demonstra- 
ing  that  the  action  is  due  to  current  developed  in  the  coil  because 
the  current  lights  the  lamp,  and  we  would  also  have  the  repulsive 
action  of  the  current,  it  is  a  very  pretty  experiment,  and  I  am 
sorry  it  has  been  prevented  by  this  accident. 

There  is  another  point,  however,  I  cannot  leave  out  in  con- 
nection with  it,  namely,  that  we  might  have  the  coil  floating  in 
the  liquid  at  a  certain  height  as  repelled,  and  then  by  diminish- 
ing the  current  here  in  the  inducing  coil  we 
would  find  that  instead  of  having  the  lamp 
changing  its  brilliancy  it  would  simply  settle 
down  and  remain  of  the  same  brilliancy  as  be- 
fore ;  that  is,  the  repulsive  effort  would  becorhe 
less.  It  would  drop  to  a  position  where  the  re- 
pulsive effort  was  as  much  as  before,  and  then 
the  lamp  would  have  the  same  brilliancy.  We 
have,  as  it  were,  an  automatic  regulator  for  the 
lamp  by  which,  no  matter  how  the  current  varies, 
we  can  have  a  standard  illumination.     (Fig.  5.) 

But  fortunately  I  have  arranged  to  show  this  in  a  different 
way.  I  have  a  lamp  and  coil  which  are  placed  on  the  end  of  a 
lever.  This  gets  rid  of  the  liquid  and  gives  us  a  means  of  balanc- 
ing the  Limp  at  any  brilliancy  we  desire.  I  there  place  the  little 
lamp  on  the  lever,  put  counterpo  sing  weights  on  the  other  side, 
and  you  see  it  floats  or  is  balanced  at  a  distance  from  the  coil. 
But  if  the  inducing  current  were  slightly  diminished,  we  would 
find  that  the  lamp  would  settle  down.  In  fact,  it  does  always 
rise  and  fall  a  little  from  the  variations  on  the  circuit.  I  may 
set  that  lamp  then  to  bum  at  a  certain  brilliancy  and  if  I  wish 
to  vary  the  brilliancy  I  take  off  a  weight 
?rom  the  counterpoise  and  it  rises  in  bril- 
liancy. If  I  add  more  weight  to  this  side 
I  would,  of  course,  diminish  the  brilliancy, 
and  it  might  remain  balanced  under  these 
still  new  conditions.  I  take  off  several  of 
the  counterpoise  weights.  There  we  have 
considerable  increased  brilliancy  given,  and 
the  lamp  will  remain  so,  no  matter  whether 
the  current  fluctuates  or  not,  provMing^wf^ 
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always  have  a  space  between  the  coils,  which  will  enable  it  to  go 
and  come  and  preserve  its  proper  brilliancy.     (Fig.  6.) 

It  will  readily  be  seen  from  what  we  have  shown  that  we 
have  a  mechanical  effort  exerted  tending  to  drive  away  this 
closed  conductor.  We  conld  easily  use  that  mechanical  effort  to 
produce  a  movement  from  alternating  currents.  We  can  in 
fact  use  it  to  produce  a  rotary  motor  which  turns  continuously 
by  simply  being  supplied  with  an  alternating  current.  We  can 
use  it  in  the  measurement  of  alternating  currents.  It  has  been 
applied  to  meters,  to  regulators,  to  motors,  and  in  various  ways. 
But  it  is  not  my  purpose  to  go  into  the  details  of  its  application 
this  evening,  as  we  have  much  other  matter  which  will  take  up 
the  time.  I  would  simply  say  that  motors  have  been  made 
which  ran  with  considerable  power,  and  which  appear  to  have  a 
fair  efficiency,  and  at  the  same  time  are  selfnstarting — ^bated  on 
the  principle  of  simply  closing  a  circuit  when  it  is  in  the  proi^er 
relation  to  the  alternating  current  coil,  allowing  it  to  be  repelled 
to  a  distance  away,  then  closing  another  circuit,  and  so  on,  mak- 
ing what  is  called  the  transformer  type  of  alternating  current 
motor.  Now,  we  have  come  to  another  department  of  the  sub- 
ject growing  out  of  the  experiments  which  I  showed  with  this 
ring  and  the  other  ring.  I  have  shown  that  if  one  ring  be  placed 
over  the  coil  and  another  ring  be  brought  under  it  there  is  a 
tendency  to  attraction.  An  attraction  is  exerted"  which  brings 
the  one  ring  directly  over  the  other  ring.  Evidently  we  could 
use  this  principle  also  as  a  source  of  motion,  because  these  two 
parallel  currents  may  be  made  to  attract  each  other,  but  the 
limit  of  the  movement  is  at  once  found.  When  the  rings  are 
parallel  substantially,  they  cannot  move  farther — they  cannot  get 
any  nearer  than  when  they  touch.  '  But  we  can  so  modify  tliese 
effects  as  to  produce  a  continuous  rotation,  and  I  will  show  a 
few  instances  of  that.  I  may  take  a  copper  disc  mounted  on 
pivots  and  this  copper  ring.  I  place  the  ring  here  over  the  coil 
and  the  pivoted  disc  alongside.  Perhaps  I  can  work  it  at  an 
angle  so  that  the  effect  may  be  better  seen.  (Fig.  7).  It  occurs 
ir^r^  with  greater  vigor  in  this  position ;  the  revo- 

lution becomes  very  rapid.  I  have  only  then 
to  put  this  closed  circuit  ring  over  the  otlier 
or  inducing  coil ;  modify  the  field  by  placing 
it  there,  and  then  put  this  rotating  di>e  in 
Fig.  7.  front  of  the  magnet  there,  above  or  below 
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the  ring — it  doesn't  matter  which— if  I  put  it  above  I  get 
the  effects  of  rotation,  and  if  I  put  it  below  I  get  the  same 
eflEects  precisely — either  one  side  or  the  other  this  ring  may  go, 
and  the  disc  is  set  into  rotation.  This  disc  is  in  essence  nothing 
more  than  a  series  of  rings  which  can  be  thrown  into  parallelism 
or  attempted  parallelism  with  the  iirst  ring  or  band  and  then 
finding  new  material  to  one  side  and  which  has  not  got  into  par- 
allelism, a  renewal  of  the  action  goes  on  and  results  in  rotation 
of  the  disc.  But  I  wish  to  call  attention  to  one  fact,  that  if  I 
put  the  ring  exactly  concentric  with  the  inducing  coil  I  do  not 
get  such  effects;  I  must  displace  it  laterally.  No  movement 
occurs  if  I  place  it  exactly  concentric — it  is  diflScult  to  find  that 
point  in  this  case — and  if  I  err  ever  so  little,  the  disc  begins  to 
revolve.  If  I  carry  it  over  to  the  other  side  the  disc  revolves  in 
the  other  direction.  The  effect  is  very  easily  obtained  also  by 
substituting  fcr  the  ring  a  plate  of  copper.  (Fig.  8.)  That  is,  the 
plate  is  virtually  a  ring  or  a  set  of  rings,  as  well 
as  the  disc,  and  if  I  place  this  sheet  of  copper  in 
front  of  the  pole  the  actions  are  the  same  as  be- 
fore, and  if  I  wish  to  reverse  the  action  I  place 
it  on  the  other  side.  In  fact  any  closed  circuit 
^*®  ^'  that  I  may  make  or  bring  into  position  in  this 

field  will  so  modify  the  field  that  the  disc  will  be  set  in 
motion.  It  is  not  necessary  at  all  that  we  use  a  copper  disc. 
We  may  use  an  iron  disc,  but  then  we  will  notice  something 
quite  dilferent.  The  iron  disc  is  vigorously  attracted,  and  we 
have  to  be  careful  not  to  let  it  be  pulled  down.  You  see 
the  iron  disc  is  now  in  rapid  rotation  in  the  same  way,  and 
is  reversed  in  the  same  manner  as  with  the  copper  disc,  but 
there  is  a  real  difference  between  iron  and  copper  in  this  con- 
nection, as  we  will  see.  I  will  put  this  copper  disc  here  verti- 
cally to  the  ring.  Now  it  has  come  to  rest  in  a  balanced  position. 
It  does  not  rotate,  but  it  does  rotate  if  I  put  it  down  in  this 
position,  pjirallel  with  the  field  modifying  ring.  Let  us  take  the 
iron  instead  and  there  is  i  o  trouble  about  the  iron  in  the  vertical 
position.  Hence  you  see  we  have  really  a  difference  after  all. 
The  copper  and  iron  do  work  alike,  but  they  do  not  work  r.like 
altogether.  Now  the  fact  is  that  we  have  come  to  deal  with 
two  different  phenomena  in  these  cases.  This  copper  works 
when  it  is  paiallel  with  the  plate  or  closed  ring  because  its 
action  depends  on  the  circulation  of  currents  in  the  plane  cf  the 
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disc,  which  cause  it  to  rotate.  The  iron  will  work  just  as  well 
one  way  as  the  other  way,  and  at  all  angles,  because  it  does  not 
depend  for  its  action  u^ion  currents  that  are  set  up  in  the  iron, 
but  simply  on  the  property  which  iron  has  of  not  changing  its 
magnetism  until  it  is  forced  to.  That  is,  it  has  the  property 
sometimes  called  by  the  term  magnetic  friction — magnetic  lag, 
or  the  more  modem  term  "hysteresis."  It  is  not  exactly  like 
air  in  its  magnetic  capacity.  It  has,  in  other  words,  a  tendency 
to  remain  magnetized  as  it  was,  and  so  resists  change  when  we 
place  it  in  a  field  which  forces  it  to  change.  We  place  it  in 
front  of  a  pole  which  does  not  remain  north  or  south,  but  which 
is  constantly  changing  from  north  and  south  and  at  the  rate  of 
about  250  times  a  second  of  change.  Hence,  if  the  lower  part 
of  the  iron  disc  gets  magnetized  north  and  the  top  becomes 
south,  instantly,  if  this  disc  cannot  accept  the  new  condition  of 
reversed  poles  from  the  core  below  with  great  readiness,  it  is 
evident  that  the  polar  part  of  the  disc  wants  to  leave,  and  the 
new  portion,  which  has  not  been  given  a  magnetic  polarity,  will 
tend  to  be  brought  into  play  instead.  But  when  we  place  the 
disc  over  the  inducing  coil  or  core  in  this  manner  in  a  vertical 
plane,  it  simply  oscillates  a  little  and  comes  to  rest.  It  does  not 
know  which  way  to  turn.  It  might  just  as  well  go  out  one  way 
as  the  other,  but  now  this  ring  or  closed  circuit  decides  the 
question.  The  copper  plate  decides  that  the  iron  shall  move 
in  one  certain  direction.  Now,  we  may  analyze  this  action  a 
little  on  the  blackboard,  because  here  we  shall  find  a  key  to  all 
these  actions.  We  will  take  our  magnetic  pole  which  is  chang- 
ing north  and  south  and  we  will  take  our  sheet  of  copper  partly 
covering  that  magnetic  pole.  Take  the  disc  of  copper  and  place 
it  above.  Now,  if  this  pole  is  north  this  lower  edge  of  the  disc 
will  be  south.  If  this  pole  is  south  then  this  lower  edge  of  the 
disc  will  be  made  north.  All  above  the  lower  part  will  become 
of  the  other  polarity — if  south,  north  up  here ;  if  north,  south 
up  here.  But  when  we  put  tliis  copper  plate  or  ring  into  place, 
it  is  inductively  acted  upon  by  the  pole  so  as  to  produce  currents 
in  its  plane.  These  currents  are  not  extinguished  when  the  in- 
ducing currents  are,  but  are  retained  for  a  moment  after  the 
former  cease  and  are  ready  to  reverse.  Consequently  if  the 
current  has  produced  a  certain  polarity  here  in  the  lower  edge 
of  the  iron  disc  that  current  in  the  plate  of  copper  will  attract 
the  magnetism  as  it  were,  and  pull  it  towards  its  own  centre. 
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"The  polarity  if  south  or  north  in  the  disc  will  be  drawn  here 
towards  this  plate  or  ring  which  tends  to  retain  the  current 
which  was  induced  in  it.  The  under  side  of  this  ring  or  plate 
will  be  opposite  in  polarity  to  that  which  induces  the  current, 
but  the  upper  side  will  be  of  the  same  polarity  as  the  pole  of  in- 
ducing coil  just  after  the  impulse  of  current  in  the  inducing  coil 
is  ready  to  reverse.  When  we  use  a  copper  disc  and  lay  it  down 
horizontally  then  we  have  two  sets  of  parallel  currents — ^rings 
slipping  one  over  the  other,  and  a  renewal  of  the  effect  con- 
tinually with  every  alternation. 

I  could  amplify  the  disc  experiments  to  a  very  great  extent, 
Two  copper  discs  may  be  taken.  Now,  if  my  explanation  is  right 
it  does  not  really  matter  which  of  these  is  moved.  In  other 
words,  if  currents  are  set  up  in  this  disc  which  are  attracted  by 
parallel  currents  in  the  other  disc,  both  should  move  continuously 
in  a  direction  to  bring  these  currents  together  or  toward  each 
other.  I  therefore  put  this  copper  disc  over  the  pole  on  that 
side,  and  this  other  one  on  this  side,  and  you  will  see  that  both 
of  them  are  set  in  rotation.  (Illustrating.)  We  are  really  shad- 
ing the  pole  with  two  discs,  and  they  are  revolving  in  opposite 
directions.  The  copper  disc  may  be  affected  by  the  iron  disc 
and  both  revolve.  (Fig.  9.)  But  if  I  modify  the  experi- 
ment so  as  to  place  this  copper  disc  over  the  pole 
in  this  vertical  position,  and  this  iron  disc  in  the 
horizontal  position,  there  is  no  effect  on  either  disc, 
but  if  I  take  the  iron  and  put  it  in  the  vertical  po- 
sition, and  the  copper  horizontal,  both  of  them  will 
revolve  after  I  get  the  right  conditions.  My  iron 
disc  is  not  very  well  balanced.  Both  discs  you  see 
Pig.  9.  ~  are  revolving,  but  now  the  iron  disc  is  at  right 
angles  to  the  copper.  We  could,  of  course,  by  properly  arrang- 
ing matters,  set  a  whole  mass  of  discs  in  operation  in  different 
directions,  according  to  the  conditions  which  were  chosen.  This 
alternating  magnetic  field  extends  away  out  into  the  air  here, 
and  we  could  fill  it  full  of  discs,  provided  we  did  not  cut  off  the 
field,  and  they  would  all  be  set  in  motion  accordingly. 

There  are  some  other  curious  effects,  however,  produced  in 
extending  this  disc  experiment.  Here  is  an  ordinary  steel  file. 
If  I  take  this  copper  disc  and  lay  the  steel  file  across  the  mag- 
netic pole  in  this  manner  and  then  hold  the  copper  disc  near  it, 
we  see  that  the  steel  file  has  the  property  of  setting  the  disc  in 
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motion.  If  I  take  two  discs  and  place  them  over  the  steel  file  at 
the  opposite  ends,  yon  will  find  that  they  will  revolve  as  thongh 
they  were  geared  together — one  out  this  way,  and  one  out  the 
other  way.  And  as  above,  an  iron  disc  placed  in  this  vertical  po- 
sition over  the  file  will  revolve,  or  we  may  place  it  in  the  hori- 
zontal position  and  it  revolves.  Here  the  eflEect  is  the  magnetic 
eflEect — not  the  current  eflEect,  and  with  the  two  iron  discs  the  ro- 
tation of  both  of  them  is  produced  as  you  see,  whether  they  lie 
in  that  plane  or  in  any  plane  in  respect  to  the  file.     (Fig.  In.) 

Ox-^        It  is  not  even  necessary  to  get  this  rotary 
(f   o  J   action  that  we  should  use  the  flJe.     We  can 
t  1     ^   ^  take  the  copper  disc,  place  it  over  the  pole 

I  |H  flatwise,  and  then  simply  bring  another 

|-B|  core  of  soft  iron  over  the  pole,  but  displace 

^^^ii:^  it  a  little  from  the  axis  of  the  other  core. 

Fig.  10.  ^^j  yQ^  ggg  ^g  gg|.  vigorous  rotation.     In 

fact,  this  is  a  principle  I  have  used  in  making,  with  some  suc- 
cess, a  small  alternating  motor  By  simply  displacing  the  poles 
arid  putting  a  copper  circuit  between,  the  rotation  may  be  made 
continuous  and  by  multiplying  the  number  of  poles  a  consider- 
able exertion  may  be  obtained. 

Cast  iron  behaves  like  steel  in  this  connection.  Here  we  have 
ft  curious  instance  of  a  cast-iron  ring  on  which  I  have  simply  wound 
a  little  closed  coil.  I  place  this  ring  over  the  alternating  pole 
say  in  this  manner,  symmetrically.  I  get  no  tendency  to  rotation 
in  this  iron  disc.  I  have  placed  the  closed  coil  at  the  opposite 
d.ameter  from  the  inducing  pole.  If  I  make  the  placing  unsym- 
metrical,  however,  so  that  the  coil  is  on  one  side,  then  you  see 
I  get  rotation  in  the  concentric  iron  disc  but  not  very  brisk.  I 
simply  put  the  iron  disc  in  position  and  find  that  the  magnetism 
in  traveling  around  this  ring  turns  tlie  disc,  while  this  portion  of 
the  ring  which  is  covered  with  a  little  closed  coil,  prevents  the 
magnetism  from  creeping  aronnd  the  ring  in  such  direction,  that 
we  do  not  get  the  opposing  or  balancing  effeot  which  would  stop 
the  disc.  The  closure  of  circuit  of  this  coil  simply  prevents  the 
propagation^  as  it  were,  of  the  waves  of 
magnetism  from  the  alternating  pole  in  this 
direction  at  the  same  rate  that  they  go  in  the 
other  direction  around  the  cast  iron  ring. 
Consequently  we  have  a  rotation  of  the  disc 
in  this  direction,  and  showing  us  in  a  diflferent 


Cofi^erdUi 


way  what  we  were  getting  with  the^le.   (Fig. 
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11.)  We  were  getting  waves  of  magnetism  which  passed  out  along 
the  file  in  each  direction,  and  which  took  some  time  to  so  pass, 
that  is,  beginning  in  the  middle  of  the  file  at  the  pole,  and  moving 
out  and  only  reaching  the  end  after  a  little  interval ;  the  reason 
being  that  the  file,  although  jt  is  not  surrounded  by  closed  cir- 
cuits, as  is  the  case  with  the  cast-iron  ring,  has  an(»ther  property 
which  I  mentioned  before — magnetic  friction  which  opposes 
quick  changes  of  the  magnetism.  It  uses  up  force  to  eflfect  such 
a  change.  It  warms,  not  by  induced  current,  but  by  the  effort 
of  the  field  to  turn  the  molecules  first  one  way  and  then  the 
other  in  producing  opposite  polarities.  The  actual  result  of 
that  action  is  as  follows :  We  will  consider  the  instance  of  the 
file.  That  we  will  suppose  is  laid  across  the  pole.  When  the 
pole  is  south,  the  file  would  be  north  at  its  centre.  When  the 
pole  changes  to  north  the  north  in  the  file  splits,  as  it  were,  and 
moves  outward,  while  the  centre  becomes  south,  and  the  two 
norths  travel  out  along  the  file  oppositely,  and  being  north  poles 
they,  of  course,  are  surrounded  by  magnetic  lines,  and  in  fact 
are  moving  consequent  poles  for  the  time  being. 

Now  we  may  put  here  a  disc  of  copper  or  iron,  and  these 
magnetic  poles  or  lines  are  sweeping  along  the  file.  They  act 
like  magnetic  brushes  that  are  brushing  the  disc  around  and 
they  disappear  in  closing  themselves  up  or  neutralizing,  as  it 
were,  at  the  ends.  That  is,  when  a  pole  in  traveling  goes  so 
close  to  the  end  of  the  file  it  is  so  near  an  opposite  pole  as  to 
neutralize  it,  at  which  moment  the  action  ceases  so  far  as  those 
lines  are  concerned,  and  a  new  set  are  sent  out  to  travel  along, 
and  this  goes  on  continuously  at  every  wave  of  alternating 
current. 

We  have  an  example  here  of  a  little  alternating  motor  of  a 

very  small  type  which  is  built  up  on  the  principles  we  have 

been  showing,  only  we  have  a  different  form  of  magnet.     In 

this  case  I  have  a  circular,  core.     That  is,  I  have  a  ring  of  iron 

which  would  return  on  itself;  but  I  have  cut  a  slot  through  it 

of  about  a  quarter  of  an  inch  in  width.     On  the  sides  of  the 

y^ — V.        slot  I  have  placed  copper  circuits  which 

^.<^£!^^^^    s^§\    ^^^  closed — closed  bands  in  which  cur- 

^■HK^^    /jv         I   rents  can  be  produced.     But  I  have  off- 

\^    !|:ji|||jj|iB^y    l^^y   ^^^  them  so  that  there  are  more  on  one 

^"^^^S^^^^o      ^^     ^^^®  t^2LTi  on  the  other — so  that  the  poles 

^«;0^  are  shaded  on  one  side  and  not  on  the 

Pig.  12. 
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other.  If  I  introduce  a  copper  disc  into  the  slot  here  and  put  on 
the  current,  we  will  see  that  we  have  an  alternating  motor  pro- 
duced (see  Fig.  12),  and  it  exerts  some  power.  This  machine, 
however,  I  use  for  another  purpose.  I  have  two  coins,  and  one 
of  them  I  lay  on  my  hand  in  thjs  fashion  just  below  the  slot, 
and  it  is  drawn  in  and  thrown  violently  out,  upward  through 
the  slot.  (^Fig.  13.)  In  other  words,  the  silver  coin  tends  to  do 
what  this  disc  did — continually  move  up  through 
the  slot.  But  this  disc  may  be  regarded  as  a 
lot  of  coins  stuck  together,  and  consequently  we 
have  continuous  movement.  Here  we  have  only 
one  disc.  But  we  will  try  the  other  coin.  With 
that  we  get  no  such  effect.  It  is  a  counterfeit. 
(Laughter  and  applause.)  But  listen,  (ringing 
the  coins),  there  is  not  very  much  difference  in 
the  ring.  One  might  easily  be  deceived.  But 
the  machine  knows  the  difference.  The  silver 
Fig.  18.  of  the  genuine  coin  is  a  good  conductor.     Silver, 

even  with  an  alloy  of  a  baser  metal,  like  copper,  retains  a 
large  portion  of  its  original  conductivity.  Consequently  the 
currents  induced  in  the  silver  are  much  more  considerable  than 
can  be  induced  in  this  base  coin,  which  is  not  so  good  a  con- 
ductor. Anything  that  imitates  silver  does  not  come  anywhere 
near  it  in  conductivity,  especially  if  it  is  expected  to  weigh  as 
much  as  silver,  in  which  case  lead  is  generally  one  of  the  con- 
stituents ;  and  this  alloyed  with  other  metals  is  still  worse.  I 
keep  these  coins  in  separate  pockets,  as  you  see.     (Laughter.) 

Now,  there  are  some  other  curious  effects  of  rotation  which 
are  rather  modifications  of  what  has  already  been  shown,  but 
they  are  certainly  curious.  They  are  explained  on  the  same 
grounds  which  explain  the  rotations  of  the  disc  and  to  which  I 
have  referred.  But  from  their  uniqueness  they  are  perhaps 
more  interesting  in  some  ways.  They  are  certainly  in  a  popular 
sense  more  interesting,  because  the  actions  are  somewhat  un- 
expected. Here  is  a  hollow  copper  ball.  I  place  a  brass  plate 
over  the  alternating  pole,  and  it  projects  not  two  thirds  over.  I 
place  the  copper  ball  on  the  plate  and  you  see  the  copper  ball  at 
once  spins.  Placing  it  on  the  other  side  it  spins  in  the  other 
direction.  It  is  behaving  just  like  a  copper  disc  placed  over 
another  disc.  Here  is  a  little  one,  a  smaller  ball,  the  spinning  top 
of  the  future. 
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Fig.  14. 


You  have  heard  the  old  rhyme  about  the  dish  running  away 
with  the  spoon.  I  am  going  to  have  it  modified  in  this  way. 
I  have  a  brass  dish  here  which  will  run  away  with  a  cup.  We 
have  the  same  spinning-top  effect.  It  is  not  at  all  necessary  that 
we  use  a  plate  for  that  purpose.*  I  showed  you  sometime  since 
the  equivalency  of  a  plate  with  a  ring,  and  I  shall  now  merely 
make  a  momentary  substitution  of  this  copper  ring  with  a  mica 
sheet,  to  rest  the  bodies  on,  and  you  will  find  that  the  copper 
ball  spins  in  that  ring  as  though  placed  on  the  plate.  But  a 
more  surprising  effect  is  yet  to  come.  I  shall 
have  to  put  on  a  guard  rail  to  the  apparatus  in 
this  case  to  prevent  the  ball  running  away  from 
us.  I  have  two  glass  pins  inserted  in  a  plate 
which  partly  shades  the  pole,  and  I  lay  the  cop- 
per ball  against  those  pins.  The  ball  rotates 
over  this  way  and  actually  overcomes  the  fric- 
tion of  its  lower  side  on  the  plate.  It  has  to 
turn  on  a  horizontal  axis  and  its  equator  rubs 
the  shielding  plate.  The  action  is  very  vigorous,  as  you  see. 
(Fig.  14.) 

One  of  the  interesting  modifications  of  this  experiment  we 
will  attempt  to  show.  It  is  somewhat  analogous  to  the  experi- 
ment of  the  lamp  immersed  in  water.  I  put  over  the  core  a 
vase  of  water.  We  have  the  alternating  current  on.  But  you 
see  there  is  no  action  of  the  ball.  It  requires  that  we  place 
underneath  a  shading  disc.  Now,  we  have  a  rotation  of  the 
baU  in  the  water.  This  may  become  quite  vigorous,  and  we  ob- 
tain extra  vigor  by  putting  a  copper  ring  in  the  water.  This  is 
a  pretty  modification  of  the  other  experiments,  and  has  this  ad- 
vantage, that  the  ball  keeps  cool.  In  the  other 
case  the  ball  gets  warm.  The  currents  are  so 
energetic  that  they  actually  warm  •  the  ball.  Now 
the  ball  is  rotating  right  in  the  copper  dish,  and 
sometimes  when  we  get  sufficiently  vigorous  action 
the  dish  and  the  ball  both  are  set  into  vigorous  ro- 
tation. '  Now,  the  dish  is  going  about  or  turning. 
We  might  fill  the  water  with  small  balls.  I  have 
had  three  of  them  in  operation  at  one  time  ro- 
tating in  different  ways.  (Fig.  15.) 
One  or  two  more  experiments  in  this  direction.  I  here  have 
mounted  a  somewhat  different  arrangement.      I  have  a  little 
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• 
wheel  or  rim  of  copper  with  an  iron  interior.  That  is,  it  is  like 
the  armature  of  a  dynamo  wound  with  wire  or  cohered  with  a 
conducting  enyelope.  We  place  a  wedge  of  iron  on  the  pole  and 
then  I  shall  bring  this  on  the  one  side  or  the  other  of  the  edge 
of  the  wedge.  You  probably  cannot  see  the  action,  but  you  will 
perhaps  take  my  word  for  it,  that  the  little  wheel  is  revolving 
very  rapidly,  and  if  I  put  it  on  the  other  side  it  revolves  in  the 
other  direction  as  though  a  jet  of  something  were  shooting  oflE 
that  edge.  This  jet  is  nothing  more  than  the  traveling  system 
of  magnetic  lines.  You  are  all  familiar  with  the  gyroscope — ^the 
instrument  which  you  had  generally  to  spin  by  winding  a  cord 
and  pulling  it  oflE  the  shaft.  Here  is  a  gyroscope  which  is  the 
gyroscope  of  th^  future.  You  do  not  require  a  string  or  battery, 
except  the  alternating  current  field.  You  do  not  require  any 
connection  with  the  instrument.  I  put  a  centre  for  it  to  move 
on  in  the  magnetic  pole.  Already  the  little  disc  is  rapidly  re- 
volving, and  I  will  let  go  of  it  in  the  ordinary  way  of  the  gyro- 
scope, and  you  will  see  it  turns  about.  It  will  get  up  to  quite  a 
speed  in  a  little  while  and  then  you  will  see  that  the  gyroscopic 
action  is  very  beautifully  manifested.  Now  the  thing  that  causes 
rotation  in  this  case  is  the  little  inclined  frame  holding  the  wheel. 
It  do3s  not  lie,  as  in  an  ordinary  gyroscope,  horizontally,  but  it 
lies  in  an  inclined  position.  The  wheel  is  simply  a  copper  wheel 
with  a  laminated  iron  core  supporting  the  copper  ring.  It  is 
getting  up  a  very  itigh  speed  now,  and  the  gyratory  rotation  is 
consequently  slow — one  of  the  phenomena  of  the  gyroscope. 
(Fig.  16  and  17.)    To  reverse  the  rotation  I  would  do  as  with  any 


Fig.  16.  Fio.  17. 

gyroscope — simply  move  the  weight  so  as  to  bring  the  balance 
outward  instead  of  inward,  and  then  the  rotation  would  be  op- 
posite in  direction.  Now  the  rotation  is  in  the  opposite  way.  I 
have  over  set  the  gyroscope  by  putting  the  weight  out  from  the 
pivot  so  as  to  overbalance  it. 

Db.  Gkyer  : — Have  you  ever  taken  the  weight  off  altogether  ? 

Prof.  Thomson: — I  haven't  tried  that,  but  it  is  possible,  I 
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think,  with  very  high  speeds.  But  if  I  take  the  weight  off  the 
copper  frame  it  does  not  retain  its  angular  position.  I  need  the 
weight  to  hold  it  in  place.  I  must  have  the  angle  of  the  frame 
preserved.  The  deflective  action  comes  into  play  to  turn  this 
circuit  to  right  angles.  With  this  experimental  illustration  we 
see  that  a  curious  series  of  phenomena  are  manifested  by  alter- 
nating magnetic  fields. 

There  is  but  one  other  statement  I  wish  to  make  before  clos- 
ing, and  that  is  as  to  the  marvellous  capacity  for  the  transfer  of 
energy  which  an  induction  coil  possesses.  If  we  could  imagine 
an  induction  coil,  that  is,  a  coil  composed  of  a  winding,  which 
acts  to  produce  currents  in  another  winding,  carried  to  a  very 
low  temperature,  we  could  have  the  resistance  of  the  copper  to 
the  passage  of  the  current  almost  obliterated.  Then  we  would 
find  that  we  could  load  the  copper  coils  with  an  enormous 
amount  of  current.  They  could  probably  be  made  of  tubes  and 
refrigerating  fluids  passed  through  them.  We  would  find  the 
actual  amount  of  energy  which  could  be  conveyed  from  one 
circuit  to  another  by  a  moderate  sized  coil  and  with  a  core  of 
very  moderate  dimensions,  that  is,  with  an  iron  core  and  a  mag- 
netic circuit  of  very  moderate  dimensions,  would  be  counted  by 
thousands  of  horse-power.  Our  experience  has  taught  us  that 
even  imder  ordinary  conditions  it  is  no  unusual  thing  to  transfer 
thirty  or  forty  horse-power  through  a  magnetic  core  which  a 
man  can  easily  lift,  and  do  it  eflSciently  and  well.  The  iron 
part  of  the  apparatus  has  very  little  to  do  with  the  action.  We 
could  take  it  out  altogether  if  we  could  refrigerate  our  coils  and 
wind  the  two  coils  close  together.  The  induction  coil  is  prob- 
ably one  of  the  most  striking  examples  or  proofs,  we  may  say, 
of  the  fact  that  the  actual  mode  of  transference  of  energy  along 
an  electric  wire  is  not  through  the  copper  of  the  wire ;  it  is 
through  the  medium  outside  of  the  wire.  The  modern  view  of 
electricians,  gradually  becoming  more  and  more  credited,  is  that 
the  wire  is  merely  the  core  of  a  set  of  disturbances  which  are 
really  propagated  around  it.  That  is  (illustrating),  if  we  have  a 
wire  conductor  carrying  a  varying  current,  that  current  is  merely 
an  incident  of  something  which  is  going  on  all  around  in  the 
space  surrounding  the  wire,  in  the  ether — ^in  the  medium  which 
surrounds  all  bodies,  and  which  fills  all  space.  Now,  it  is  mani- 
fest, if  this  be  true,  if  the  varying  current  is  merely  an  incident 
of  this  propagation  of  energy  in  that  medium — put  another  wire 
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thete  and  you  ought  to  have  a  current  as  an  incident  of  the  pro- 
pagation, and  if  you  coil  those  wires  up  together  so  as  to  make  a 
coil  in  which  two  conductors  lie  side  by  side  as  in  an  induction 
coil,  if  the  propagation  of  energy  is  thousands  of  horse-power 
and  this  current  in  the  centre  an  incident  of  that  propagation, 
thousands  of  horse-power  may  be  represented  by  the  currents  of 
which  this  is  an  incident,  too ;  or  in  other  words,  the  two  circuits 
are  in  the  same  relation  exactly  to  that  thing  which  represents 
or  (jarries  energy.  The  primary  circuit  and  the  secondary  circuit 
are  really  immersed  in  the  thing  which  is  'conveying  electrical 
energy,  the  wire  merely  serving  as  a  centre  around  which  the 
energy  shall  be  propagated.  I  thank  you  for  your  attention  this 
evening,  and  if  I  haven't  been  very  scientific,  I  hope  I  have 
shown  some  things  which  have  been  of  some  little  interest. 
(Adjoumed.) 
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ANNUAL  MEETING. 


At  the  annual  meeting  of  the  American  Institute  of  Electrical 
Engineers,  held  in  New  York  City,  May  20th,  the  following 
Officers  and  Members  of  Council  were  elected  to  fill  vacancies 
occurring  under  the  Eules. 

PRESIDENT, 

W.  A.  ANTHONY, 

Term  expires  1891. 

VICE-PRESIDENTS,  MANAGERS, 

Terms  expire  1892.  Terms  expire  1898. 

Francis  B.  Crocker,  J.  C.  Chamberlain, 

Frank  J.  Spraoue,  P.  B.  Delany, 

Joseph  Wetzler.  Horatio  A.  Foster, 

H.  Ward  Leonard, 

treasurer,  secretary, 

George  M.  Phelps,  Ealph  W.  Pope, 

150  Broadway,  •                 12  West  81st  Street, 

New  York.  New  York. 

The  annual  report  of  Council  stated  that  twelve  Council 
meetings  had  been  held  during  the  year,  and  ten  meetings  of  the 
Institute  for  the  reading  and  discussion  of  papers.  One  hundred 
and  three  associate  members  were  elected  who  had  qualified,  ten 
have  resigned,  and  seven  have  died.  The  total  membership  of 
all  grades  at  the  date  of  the  report  was  427.  The  net  receipts  of 
the  year  from  entrance  fees  and  dues  was  $4,372.14,  and  the  net 
expenses  $4,308.16,  showing  a  net  surplus  of  $63.98.  The  balance 
in  the  hands  of  the  Treasurer  was  $249.26  to  the  credit  of  the 
General  Fund,  and  $360.00  to  the  Building  Fund.  By  an  ar- 
rangement with  the  American  Society  of  Mechanical  Engineers, 
the  future  headquarters  of  the  Institute  will  be  at  the  House  of 
that  Society,  No  12  West  31st  Street,  New  York,  where  meetings 
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NEW  ASSOCIATE  MEMBERS. 


will  be  held  hereafter,  and  to  which  all  commuhicationB  should 
be  addressed. 

At  the  meeting  of  Council  held  June  17th,  Dr.  Schuyler  S. 
Wheeler  was  elected  Vice-President  to  fill  the  vacancy  caused 
by  the  death  of  Major  O.  E.  Michaelis ;  and  Francis  R.  Upton, 
Manager,  in  the  place  of  Henry  Van  Hoevenbergh,  resigned. 

June  26th,  1890. 


American  Institute  of  Electrical  Engineers. 

ELECTED  TO  ASSOCIATE  MEMBERSHIP. 


At  the  Council  Meeting,  May  20th,  1890. 


Name. 

BuNCE,  Theodore  D.,  Jr. 
Brooks,  Morgan. 
Peck.  Edward  F. 
Jones,  F.  R. 
BradleYj  Fred.  W. 
Bell,  Dr.  Louis. 
Williams,  Arthur  S. 
Storey,  Imle  E. 
Watts,  H.  Franklin. 
LoziER,  Robert  T.  E. 
Sweet,  Henry  N. 
Marks,  Louis  B. 
Total  12. 


Address. 
Battery  Expert. 
The  Julien  Electric  Traction  Co. , 
239  East  27th  St.,  New  York  City 
Secretary  and  Treasurer, 

St.  Paul  Gas  Light  Co., 

St.  Paul,  Minn. 
General  Sup't,  Citizens  Electric 
Illuminating  Co. ,  Cor.  Navy  St. 
and  DeKalb  Ave.,  Brooklyn,  N.  Y. 


Endorsed  by 

Wm.  Bracken. 

J.  C.  Chamberlain. 

R.  W.  Pope 

W.  B.  Vansizc. 

G.  W.  Blodgett. 

E.  T.  Gilliland. 

G.  M.  Phelps. 

T.  C.  Martin. 

Jos.  Wetzier. 


Sup't  of  Construction,  Edward  L.  Nichols. 

The  Western  Engineering  Co.,  D.  C.  Jackson. 

Kearney,  Neb.  H.  J.  Ryan. 

United  Edison  Mfg.  Co.,  W.  S.  Andrews. 

27  Front  Street.  W.  G.  Whitmore. 

Schenectady,  N.  Y.  J.  C.  Bennett. 

Editor  Electrical  World,  W.  J.  Johnston. 

167  Times  Building,  W.  A.  Rosenbaum. 

New  York.  Clarence  E.  Stump. 

Electrician,  American  Telephone        F.  A.  Pickemell. 

and  Telegraph  Co.,  18  Cort-  Holbrook Cushman. 


landt  St.,  New  York  City. 
Ekctrician  and  Manager,  Storey 
Electric  Drill  and  Power  Co  , 
16  Broad  St.,  New  York  City. 
Electrical  Engineer, 

1209  nth  Street, 

Altoona,  Pa. 
Electrical  Expert, 
The  Edison  United  Mfg.  Co., 

65  Fifth  Ave.,  New  York. 
Chief  of  Patent  Bureau, 

Thomson  Electric  Welding  Co. 
89  Slate  St.,  Boston,  Mass. 
Graduate  Student, 

Cornell  University, 

Ithaca.  N.  Y. 


G.  A.  Hamilton. 

W.  A.  Rosenbaum. 

H.  W.  Blake. 

R.  W.  Pope. 

W.  A.  Rosenbaum. 

C.  E.  Stump. 

R.  W.  Pope. 

W.  S.  Andrews. 

Gilbert  Wilkes. 

Chas.  Wirt. 

Elihu  Thomson. 

A.  L.  Rohrer. 

John  C    Lee. 

Edwd.  L.  Nichols. 

H.  J.  Ryan. 

R.  W.  Pope. 
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At  the  Council  Meeting,  June  17th,  1890. 


Name.  Address.  Endorsed  by 

DuNDERDALE,  Cleaveland  F.  Agent  Westinghouse  Electric  C.  O.  Mailloux. 
Co.,  146  Adams  St.,  Chicago,  H.  Ward  Leonard. 
111.  Chas.  W.  Raymond. 


HoLCOMB,  Eugene  R.        Electrician,    Agency    Thomson- 
Houston  Electric  Co.,  234Mont- 
gomery  St  ,  San  Francisco,  Cal. 
Electrical  Engineer. 
The  Tucker  Electric  Co..  950 
Bedford  Ave.  Brooklyn,  N.  Y. 
Electrician.     Metropolitan  R.  R. 
Co.  241 1  P.  St.,  N.  W.  Wash- 
ington,  D.  C. 
Dealer  in  Electrical  Supplies, 
••      192  Fifth  Avenue, 

Chicago,  111. 
with  S.  R.  Krom,  General  Man- 
ager   and    Mining    Engineer, 
151  Cedar  St.,  New  York. 
Electrical  Engineer, 

Thomson  Houston  Electric  Co. 
Lynn,  Mass. 
Electrical  Engineer. 

Thomson-Houston  Electric  Co. 
113  Franklin  St,  Lynn,  Mass. 
Electrical  Engineer. 

Thomson- Houston  Electric  Co. 
257  Washington  St.  Lynn,  Mass. 
Electrician. 

Thomson-Houston  Electric  Co. 
Lynn,  Mass. 
Superintendent,    Greenwich    Gas 
and  Electric  Light  Co. 

Greenwich,  Conn. 
Electrical  Engineer. 

Bedford  Electric  Co. 

Bedford  City,  Va. 


Sinclair,  H.  A. 


Chamberlain,  F.  H. 


Cutter,  George 


Cobb,  John  S. 


FiSKE,  J.  P.  B. 


Reist.  H.  G. 


Cahoon,  Jas.  B. 


Ekstrom,  Axel. 


Owens,  R.  B. 


Colgate,  Geo.  L. 


A.  L.  Rohrer. 

G.  F.  Curtiss. 

H.  Lemp. 

C.  O.  Mailloux. 

Jos.  Wetzler. 

T.  C.  Martin. 

C.  O.  Mailloux. 

Jos.  Wetzler. 

T.  C.  Martin. 

E.  Wilbur  Rice,  Jr. 

Elihu  Thomson. 

Merle  J.  Wightman. 

Jos.  Wetzler. 

Geo.  M.  Phelps. 

T.  C.  Martin. 

G.  F.  Curtiss. 

A.  L.  Rohrer. 

W.  H.  Blood,  Jr. 

A.  L.  Rohrer. 

W.  H.  Blood,  Jr. 

G.  F.  Curtiss. 

E.  W.  Rice,  Jr. 

A.  L.  Rohrer. 

G.  F.  Curtiss. 

G.  F.  Curtiss. 

E.  W.  Rice.  Jr. 

A.  L.  Rohrer. 

T.  C.  Martin. 

Louis  Duncan. 

E.  F.  Peck. 

Cecil  P.  Poole. 

T.  C.  Martin. 

Jos.  Wetzler. 


Myers,  Geo.  Francis        Laboratory  of  Wm.  Stanley,   Jr.  William  Stanley,  Jr. 


Mason,  Augustus  F. 
LuFKiN,  Harvey  L. 

Powell,  William  H. 
Francisco,  M.  J. 

Total  17, 


U.  S.  Electric  Light  Co.  Newark 
N.J. 

General  Manager,  Simplex  Elec- 
tric Co.,  620  Alantic  Avenue 
Boston,  Mass. 

General  Agent,  *'C  &  C"  Electric 
Motor  Co.,  404  Greenwich  St. 
New  York. 

New  Britain,  Conn. 

President  and  General  Manager, 
Rutland  Electric  Light  Co., 
Rutland,  Vt. 


S.  S.  Wheeler. 

Ralph  W.  Pope. 

Jes.  Wetzler. 

T.  C.  Martin. 

C.  J.  Field. 

R.  N.  Bayles. 

Jos.  Wetzler. 

T.  C.  Martin. 

Wm.  A.  Anthony. 

Edwd  L.  Nichols. 

Harris  J.  Ryan. 

Jos.  Wetzler. 

T.  C.  Martin. 

C.  J.  Field. 
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I^EW  MEMBERS, 


TRANSFERRED  FROM  ASSOCIATE  TO  FULL  MEMBERSHIP 
BY  COUNCIL,  JUNE  lyih,  1890 

(Approved  by  Board  of  Examiners,  June  loth.  1890.) 

Elected 
Attociate  Member. 


Lawson,  a.  J., 
Davis,  Charles  H,, 
Brooks,  Morgan, 
Jackson,  Dugald  C, 

Jackson,  Francis  E., 
Bell,  Dr.  Louis, 
Stebbins,  Theodore, 


Electrical  Engineer  and  Contractor, 

Montreal,  P.  Q.  Mar.  18,  1890. 

Consulting     Electrical    Engineer, 

120  Broadway,  New  York.  May  18,  1890. 

Sec'y    and    Treas.    St.    Paul    Gas 

Light  Co.,  St.  Paul,  Minn.  May  20,  1890. 

Asst.    Engineer,    Railway    Dept., 

Sprague    Electric    Railway  and 

Motor  Co  ,  New  York.  May  3,  1887. 

Edison  Lamp  Co.,  Harrison,  N.  J.  Jan.  3,  1888. 

"EdWoT  EUctrical  IVorld,  New  York.  May  20,  1890. 
Thomson-Houston    Electric    Co., 

(Railway  Dept.)  Boston,  Mass.  July  9,  1889. 
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ELECTEICITY  IN  THE  NAVY. 


BY  GILBERT  WILKES. 


I  have  taken  as  my  title  **  Electricity  in  the  Navy"  and  shall 
give  in  my  paper  the  general  conclusions  derived  from  five  years' 
more  or  less  intimate  connection  with  the  application  of  electri- 
city in  our  naval  service. 

The  electrical  engineer  has  little  to  do  with  the  placing  of  the 
dynamo  room,  which  is  of  necessity  governed  by  the  arrange- 
ment of  the  ship  as  a  fighting  machine.  T  shall,  therefore,  merely 
consider  the  power  and  apparatus  of  the  plant,  commencing  with 
the  engines. 

Both  in  this  country  and  abroad,  compound  condensing  engines 
have  been  used,  some  having  separate  condensers,  some  exhaust- 
ing into  the  main  condensers  of  the  ship,  but  the  preference  seems 
to  be  in  favor  of  simple  double  acting,  high  speed  engines,  the 
reason  being  that  the  power  used  for  electrical  purposes  is  so 
small  in  proportion  to  that  of  the  main  engines  of  the  ship  (only 
about  an  average  of  one  per  cent.)  that  the  saving  does  not  pay 
for  the  additional  complication  and  cost.  However,  with  a  given 
plant,  the  engine  should  be  constructed  to  allow  little  variation 
of  speed  under  large  changes  of  steam  pressure,  in  order  to  take 
advantage  of  the  main  condenser  when  possible. 

In  our  servic3  l)r)t^  horizontal  and  vertical  engines  are  now  in 
use,  the  preference  in  some  cases  being  the  result  of  the  shape  of 
the  available  space.  No  data  has  yet  been  obtained  as  to  the 
most  economical  type,  but  both  are  doing  good  service,  the  mis- 
haps having  been  due  to  accidents.  Of  late  years  all  of  the 
engines  put  in  for  electric  lighting  have  been  high-speed,  the 
largest  of  about  twenty-five  horse-power  and  running  at  400 
revolutions. 
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The  important  points  in  the  consideration  of  a  marine  dynamo 
are : — 

FiBST : — It  should  be  direct  driven.  The  reasons  are  obvious* 
as,  not  only  is  the  space  taken  up  by  the  belting  valuable,  but  in 
a  sea  way  the  danger  of  running  belts  must  be  considered,  especi- 
ally when  it  is  taken  into  account  that  naval  vessels  are  fighting 
machines  and  the  possibility  of  accidents  must  be  reduced  to  a 
minimum. 

Second  : — It  should  be  compact.  This  is  a  natural  extension 
of  the  above.  Even  now  it  is  difficult  to  find  room  for  all  of  the 
machinery,  stores  and  ammunition,  besides  providing  room  for 
berthing  the  crew  on  a  modern  man-of-war. 

Third: — It  should  be  free  from  liability  to  injury  by  salt 
water,  and  not  too  subject  to  mechanical  damage. 

In  this  respect  there  remains  room  for  considerable  improve- 
ment, the  latest  dynamos  now  better  tilling  this  requirement  than 
did  the  old  "  L  "  machine  on  the  Trenton  in  1883,  the  first  dynamo 
afloat  in  our  navy  and  which  ended  its  useful  career  in  the  great 
storm  at  Samoa  last  year,  when  it  ran  until  the  water  had  put 
out  the  fires  under  the  boilers. 

On  board  ship,  salt  water  and  damp  air  get  everywhere  and 
within  the  last  year  a  number  of  cases  of  slight  bum  out  have 
occurred  in  armatures,  which,  when  installed,  measured  high  in 
the  hundreds  of  thousands  of  ohms  insulation.  The  dynamo 
should  not  be  easily  harmed.  The  dynamo  room  is  now  always 
low  down  in  the  ship,  under  the  protective  deck  (if  there  is  one), 
and  when  the  light  is  not  in  use,  the  room  is  very  dark,  rendering 
careful  inspection  diflScult. 

Fourth  : — The  dynamo  should  have  small  effect  upon  the 
compasses.  This  point  has  received  little  attention  though  it 
is  a  matter  of  great  importance,  as  the  effect  on  many  vessels  is 
so  large  that,  in  order  to  work  up  the  day's  run,  it  is  necessary  to 
know  the  hours  during  which  the  dynamos  have  been  in  opera- 
tion. Complete  deviation  tables  are  therefore  necessary  for  the 
two  cases.  In  different  types  of  dynamos  the  effect  with  a 
twenty  horse-power  machine,  at  a  distance  of  12  feet,  will  vary 
from  less  than  one-twentieth  of  the  horizontal  component  of  the 
earth's  magnetism,  to  several  times  the  strength  of  the  horizontal  * 
component.  The  latter  is,  unfortunately,  rather  the  rule  than 
the  exception,  and,  in  consequence,  the  position  of  the  dynamo 
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room  has  to  be  well  borne  in  mind  in  locating  the  standard  com- 


FiFTH  : — It  should  be  easy  in  running  and  require  but  little 
attention.  The  machine  should  be  non-sparking,  under  constant 
load  and  also  be  able  to  stand  sudden  large  changes  of  load  with 
little  sparking.  This  is  necessitated  by  the  fact  that  the  dynamos 
now  supplied  for  incandescent  lighting  are  also  used  for  search 
light  work  and  the  conditions  are  aggravated  by  most  of  the 
search  lights  having  hand  regulation  only.  Thus,  with  a  200 
ampere  machine,  not  only  are  from  60  to  100  amperes  thrown 
suddenly  on  and  off,  but  at  the  moment  that  the  operator  at  the 
projector  brings  the  carbons  together,  the  dynamo  is  suddenly 
called  upan  to  deliver  over  three-fourths  of  its  total  capacity. 

Sixth  : — It  should  be  efficient  and  run  cool,  the  former  in 
order  to  avoid  the  waste  of  energy  and  a  corresponding  amount 
of  the  coal  supply  and  also  in  order  to  avoid  over-heating.  The 
dynamo  rooms  on  shipboard  are,  at  best,  warm,  notwithstanding 
the  motor  fans,  which  are  now  usually  supplied  and  thus  the 
safe  limit  of  extra  heating  is  reduced.  At  the  same  time  con- 
sideration for  the  attendants  requires  that  the  cramped  space  be 
kept  as  cool  as  possible. 

Seventh  :— The  dynamo  should  maintain  a  constant  potential 
at  all  loads.  This  is  of  coursa  accomplished  by  compounding, 
and,  as  there  is  only  about  three  per  cent,  drop,  it  is  usual  to  com- 
pound exactly,  or  to  only  over-compound  enough  to  allow  for  the 
decrease  in  the  engine's  speed  with  load. 

Eighth: — The  dynamo  should  be  light.  The  reasons  are 
obvious,  but  it  is  considered  last,  because  usually  a  careful  study 
of  the  materials,  and  arrangement  of  the  plant,  can  accomplish 
more  towards  reducing  the  total  weight  than  the  strict  adherence 
to  a  specification  of  watts  per  pound  of  dynamo.  Thus,  con- 
sider the  difference  between  the  weiglits  of  a  40  horse-power  ship 
plant  on  a  five  watts  per  pound  specification,  and  upon  a  four 
watts  specification.  Two  200-ampere,  80-volt  dynamos,  with 
their  share  of  the  heel-plates,  will  only  weigh  about  7,500  pounds. 
Twenty  per  cent,  of  this  will  be  about  1,500  pounds,  an  amount, 
a  large  portion  of  which  can  really  be  saved  in  some  cases  by 
more  careful  attention  to  the  amount  of  wire  and  moulding 
employed. 

Naturally  no  one  dynamo  can  best  fill  all  of  these  conditions, 
and  while  the  order  in  which  they  are  above  arranged  will  usually 
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approximate  to  their  relative  importance,  special  cases  arise  which 
demand  a  re-arrangement.  Thus,  on  torpedo  boats,  the  most 
important  quality  is  small  size.  With  this  in  view,  numeroas 
devices  have  been  placed  upon  the  market  and  faithfully  tried,  but 
none  have  to  my  knowledge  proved  satisfactory.  The  require- 
ments of  high  efficiency,  low  speed  and  low  heating,  all  give  way 
in  this  class  of  dynamo  to  the  necessity  of  compactness  and  light 
weight.  Good  results  were  hoped  for  from  the  Parsons  turbo- 
electric  generator,  but  experience  at  Newport  demonstrated  that 
the  turbine  was  so  inefficient  in  its  consumption  of  steam  as  to 
place  its  use  out  of  the  question.  There  is  as  yet  no  apparatus 
to  satisfactorily  fill  this  want. 

Up  to  the  present  all  of  our  ship  plants  contain  one  set,  or  two 
or  more  similar  sets,  each  composed  of  an  engine  and  one  direct 
driven  dynamo.  The  largest  of  these  are  of  200  amperes  capacity  ; 
a  very  convenient  unit,  but  one  which  can  be  doubled  in  capacity 
with  advantage  in  ships  which  are  not  light  below  decks  and  which 
are  likely ]to  soon  have  extensive  motor  applications  :  for  example, 
vessels  of  the  monitor  type. 

The  voltage  in  use  in  the  navy  is  eighty  volts,  this  having 
been  fixed  upon  as  a  mean  between  the  most  efficient  pressure 
for  the  incandescent  system  and  the  voltage  necessary  for  the 
search  lights,  to  which  current  is  supplied  by  the  regular  service 
machines.  The  incandescent  lamps  have  given  excellent  results 
as  to  life  from  the  very  start,  owing  in  great  measure  to  the  fact 
that  low  efficiency  lamps  are  always  used,  nothing  more  economi- 
cal than  four  watts  per  candle  power  being  usually  required. 

Search  lights  of  fifty  volt&  and  from  fifty  amperes  up  are  used, 
two  or  more  being  supplied,  according  to  the  size  of  the  ship 
Some  of  these  are  imported,  others  are  made  in  this  country. 

The  two  wire  system  has  always  been  used  in  the  naval  service, 
the  ship  never  being  allowed  to  form  the  return  circuit.  On 
account  of  the  present  beginning  of  motor  work  on  board  ship 
and  the  future  developments  confidently  looked  for,  the  direct 
current  has  always  been  used.  Motors  have  thus  far  been  used 
only  in  driving  small  fans  up  to  one  half  horse  power,  for  hoists, 
and  in  one  case,  a  motor  has  been  used  for  training  one  of  the 
large  guns  —on  the  "  Ch  icago."  There  are  numerous  small  engines 
about  a  man-of  war  varying  from  one  to  fifty  horse  power.  Some 
of  the  smaller  ones  might  even  now  be  replaced  with  advantage 
by  electric  motors,  but  it  must  be  proved  in  each  case,  that  the 
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motor  not  only  does  the  duty  as  well  as  the  engine  it  replaces,  but 
also  that  it  and  any  increase  necessary  in  the  generating  plant, 
take  up  less  room  and  weigh  less  than  the  engine  and  its  piping. 
This,  of  course,  will  always  be  the  case  where  very  small  engines 
are  replaced,  and,  as  the  tendency  is  to  increase  the  capacity  of 
the  dynamo  plant,  it  may  not  be  long  before  motors  may  look 
for  a  larger  field  on  board  ship. 

All  circuits  are  water-tight  from  dynamo  to  point  of  distribu- 
tion, the  cut-outs  having  stuffing  boxes  through  which  the  lead 
covered  wires  enter.  Even  the  switches  and  attachment  plugs 
for  portables  are  required,  in  certain  places,  to  be  watertight. 

One  electrical  application  that  presents  many  advantages  on 
board  a  man  of -war,  especially  when  on  a  foreign  station,  is 
electrical  welding.  However,  when  it  is  introduced  on  ship- 
board, the  pressure  of  the  generator  should  be  reduced  to  eighty 
volts,  in  order  that  in  case  of  emergency  it  might  be  used  for 
lighting  purposes,  while  the  welders  should  have  several  sets  of 
adjustable  clamps.  Welding  machines  have  not  yet  been  actually 
used  on  shipboard,  but  it  is  to  be  hoped  that  their  introduction 
is  a  development  of  the  near  future.  They  can  not  supplant  any 
of  the  existing  dynamos,  owing  to  the  necessity  of  motors,  but 
must  come  in  to  occupy  a  place  of  their  own,  to  almost  entirely 
supplant  the  ship's  forge  and  add  to  the  general  useful  equip- 
ment. 

Thus  the  man-of-war  is  the  proper  field  for  nearly  every  form 
of  application  of  electricity  and  when  the  storage  battery  becomes 
more  suited  to  the  service  there  required,  there  is  no  doubt  that 
it  too  will  come  in  for  its  proper  share  of  usefulness. 

As  to  the  naval  work  on  shore  in  the  electrical  field,  little  need 
be  said,  as  the  practice  at  naval  stations  must  be  similar  to  that  in 
ordinary  commercial  work.  However,  a  navy  yard  is  an  ideal 
place  for  the  erection  of  a  central  station  for  light  and  power. 
The  streets  must  be  lighted ;  closely  grouped  about  the  station  are 
offices  and  large  shops  needing  light  in  the  dark  afternoons  and 
power  for  motor  work  ;  then  in  an  outer  approximate  semi-circle 
are  the  officers'  quarters,  finally  there  are  anchor  chains  to  be 
welded,  boiler  tubes  to  be  repaired,  and  numerous  other  similar 
operations  which  can  be  better  accomplished  by  the  welder 
than  by  any  other  known  means.  This  in  an  ideal  plant 
will  call  for  arc  lights,  incandescent  lights,  constant  po- 
tential    motors,    a    welding     generator     and    welders.       The 
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complete  combination  will  probably  not  be  realized  at 
any  one  place  within  several  years  but  a  good  begin- 
ning has  been  made  in  the  arc  light  plant  recently  installed 
for  outside  and  shop  lighting  at  the  Washington  Navy 
Yard,  and  the  progressive  plan  adopted  by  the  department 
leads  us  to  hope  that  the  shore  stations  will  rapidly  receive  the 
benefits  already  enjoyed  on  shipboard.  Owing  to  the  usually 
close  grouping  of  the  buildings  and  to  the  demands  for  motors, 
it  is  probable  that  in  only  exceptional  cases  will  the  alternating 
current  be  used  extensively.  Good  use  is  already  being  made  of 
small  motors  for  drilling  purposes  at  the  New  York  Navy  Yard, 
where  several  are  in  constant  operation,  having  driven  out  the 
portable  steam  engine,  countershafting  and  belting. 

The  applications  of  electricity  in  the  navy  have  always  been 
on  the  increase,  and  any  one  who  has  served  one  cruise  with  oil 
lamps  and  one  with  electric  lights  and  motors,  will  understand 
the  favor  in  which  the  increasing  use  of  electricity  is  held  by 
naval  men. 


DISCUSSION. 

Dr.  Otto  A.  Moses: — There  is  a  very  interesting  point 
touched,  about  which  I  would  like  to  inquire ;  whether  Mr.  Wilkes 
has  himself  made  observations  as  to  the  deviation  of  the  compass 
on  board  ship 

Mk.  Wilkes  : — I  would  say  that  I  have  not  made  any  observa- 
tions on  shipboard;  but  the  observations  have  been  made  bv 
navigators  and  turned  into  the  office  of  the  Naval  fospector.  1 
have  seen  the  reports  and  I  have  made  the  tests  on  shore  myself. 
The  effect  does  vary  between  ^V  of  the  horizontal  component  of 
the  earth  and  as  high  as  5,  6  and  7  times  this  component  at  a 
distance  of  12  feet. 

Dr.  Moses  : — This  subject  came  up  before  a  meeting  of  the 
National  Electric  Light  Association  when  a  Lieutenant  of  the 
Navy  declared,  to  my  astonishment,  and  I  think  to  that  of  the 
other  members  of  the  Association,  that  there  was  no  action  on 
the  compass  at  all.  Have  you  tried  experiiAents  with  the  alter- 
nating current  to  see  if  that  would  aflfect  the  compass  ? 

Mr.  Wilkes  : — I  have  never  tried  the  alternating  current  be- 
cause none  of  our  ships  have  alternating  current  dynamos  on 
board.  As  to  the  exact  amount  of  deviation  on  board  ship 
caused  by  the  dynamo,  I  will  state  one  instance  in  the  case  of 
the  Chicago  where  the  variation  is  two  per  cent,  and  it  was  the 
variation  on  the  Yorktown,  the  amount  of  which  I  have  forgot- 
ten, which  was  the  cause  of  my  investigations  of  dynamos  before 
they  are  placed  on  board  ship. 
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Mr.  Townsend  Wolcott  : — 1  would  like  to  ask  Mr.  Wilkes  if 
he  has  ever  experimented  with  the  class  of  dynamos  like  the 
Continental  ana  the  Eickemeyer,  called  "  iron-clad  dynamos  " — 
and  whether  there  is  really  much  difference  in  their  effect. 

Mr.  Wilkes: — I  woula  answer  that  1  have.  Those  are  the 
small  deviations  that  I  referred  to. 

Mb.  R.  N.  Bayles  : — In  setting  an  en^ne  aboard  ship  is  par- 
ticular care  taken  to  set  it  so  that  the  plane  of  the  flj  wheel  is 
either  fore  and  aft  or  thwart-ships  ?  This  point  came  out  in  con- 
nection with  a  proposed  system  of  lighting  our  light-ships  with 
an  incandescent  plant.  Tjiose  ships  roll  and  pitch  a  good  deal, 
and  one  objection  raised  to  this  plan  was  that  in  case  of  high 
running  machinery  on  board  a  ship,  pitching  around  as  they  do, 
we  would  have  the  tendency  of  the  wheels  to  maintain  their 
plane  of  rotation — the  gyroscopic  effect,  and  that  the  effect  would 
D2  to  maintain  the  strain  on  the  bearings  and  cause  them  to  heat. 

Mb.  Wilkes:— 1  would  answer  that  the  main  trouble  with 
h3ating  on  board  our  man  of -war  has  been  from  having  the  axes 
of  dynamD  and  engine  faced  to  thwart-ships,  in  which  case  the 
oil  is  likely  to  fly  from  the  bearings  and  it  is  so  bad  that  where 
the  available  space  will  allow  we  get  the  shaft  fore  and-aft.  But 
our  space  is  usually  so  cramped  that  we  are  apt  to  make  the  most 
of  it. 

Mr.  Bayles  : — The  remark  was  made  that  this  effect  of  the 
dynamo  on  the  compass  could  of  course  be  corrected.  I  would 
like  to  ask  if  there  is  any  particular  method  of  correcting  this 
effect  on  the  compass,  assuming  that  the  load  is  variable  when  it 
is  running. 

Mr.  Wilkes  :— I  would  answer  that  the  effect  on  the  compasses 
is  not  due  to  the  lamp  load  as  far  as  observation  goes.  The  dy- 
namos being  compounded  of  course  always  exert  tlie  same  effect. 
The  mains  are  run  so  closely  together  that  their  effect  is  nil. 
I  believe  that  in  the  English  service  where  they  use  the  ship  as 
a  return,  they  have  considerable  trouble  from  this  cause. 

Mr.  Bayles  : — But  can  it  be  corrected  and  is  there  a  practical 
method  of  correcting  it  ? 

Mb.  Wilkes  : — I  believe  it  has  been  suggested  to  use  a  larger 
electro-magnet  to  correct  it.  But  it  has  never  been  tried  in  this 
country,  and  I  believe  that  the  easiest  plan  of  correcting  it  is  to 
get  a  dynamo  which  doesn't  have  a  large  external  field. 

Mr.  E.  T.  Birdsall:— I  would  hke  to  ask  if  that  12  feet  Mr. 
Wilkes  speaks  of,  was  clear  space  or  were  there  any  iron  bulk 
heads  intervening? 

Mb.  Wilkes  : — The  measurements  were  either  made  in  engine 
rooms  or  machine  shops  In  the  cases  where  the  deviation  is  least 
the  iron  was  iiot  uniformly  placed  at  all.  It  was  just  as  you  find 
it  in  any  machine  shop  where  you  go  to  see  a  dynamo  built, 
for  testing  it 

Mb.  Bibdsall  : — On  almost  all  that  I  have  seen  of  the  cruisers 
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there  was  at  least  an  iron  partition,  I  think,  between  the  dynamo 
room  and  any  of  the  compasses.  We  know  that  iron  of  that 
sort  has  some  shielding  action. 

Mr.  Wilkes  : — The  deviations  have  been  found  on  shipboard 
and  I  have  often  thought  of  the  shielding  action  of  those  bulk- 
heads, but  I  believe  it  is  anything  but  shielding,  because  they  are 
not  complete  magnetic  circuits  and  they  only  bring  the  lines  of 
force  close  to  the  position  which  the  compass  occupies. 

Mr.  Robert  S.  JDobbie  : — I  would  like  to  ask  the  lecturer  if 
he  attributes  the  effect  only  to  the  leakage  of  magnetism  from 
the  fields  of  the  dynamo,  or  does  he  think  it  is  the  effect  from 
the  main  going  to  the  lamps.  I  have  had  a  little  experience 
with  that  in  an  alternating  machine — one  of  the  early  types  of 
Siemens  machines  on  board  a  merchant  vessel,  and  the  waste  of 
magnetism  is  much  greater  than  in  modern  machines,  and  a  com- 
pass adjuster  from  Southampton,!  forget  his  name, a  well-known 
man,  came  on  board  and  made  the  most  elaborate  tests.  The 
ship  was  wired  returning  through  the  hull.  That  is,  the  current 
was  grounded  after  passing  through  the  lamp  and  no  perceptible 
difference  was  found  on  that  ship,  not  the  slightest. 

Mr.  Wilkes: — ^The  experiment  has  been  roughly  tried  by 
changing  the  position  of  the  compass  in  reference  to  the  mains 
and  keeping  approximately  the  same  distance  from  the  dynamo. 
It  leads  to  the  conclusion  that  the  effect  does  come,  to  all  obser- 
vable amounts,  from  the  dynamo  itself.  Did  T  understand  you 
to  say  that  you  had  had  other  experience  ? 

Mr  Dobbie  : — Well,  the  machine  was  of  the  alternating  de- 
scription, so  I  suppose  the  lights  made  very  little  difference,  but 
the  magnetism  escaping  from  the  field  magnets  of  the  dynamo 
was,  I  should  say,  very  much  greater  than  with  the  modem 
machines.  The  theory  of  the  dynamo  was  not  so  well  under- 
stood in  those  days.  There  were  two  dynamos,  an  alternating 
dynamo  with  a  field  of  eight  magnets,  and  a  small  exciter. 

After  the  election  of  officers  the  meeting  adjourned,  to 
reassemble  at  Boston,  May  21st. 
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ENGINEERS. 


At  the  meeting  of  the  Council,  June  17th,  1890,  the  following 
preamble  and  resolutions  were  unanimously  adopted. 

Whereas,  Mr.  T.  C.  Martin  having  been  a  member  of  this  Board  for  the  paet 
six  years  continuously,  in  the  various  capacities  of  Secretary,  Manager,  Presi. 
dent  and  Vice-President,  and 

Whereae,  during  the  whole  of  that  period. he  has  devoted  himself  to  the 
affairs  of  the  Institute  with  unremitting  zeal  and  fidelity, 

Re$dhed,  that  the  council,  upon  his  retirement  from  office,  and  in  recognition 
of  his  valuable  services,  heieby  tender  to  him  their  heartiest  thanks  and  good 
wishes,  coupled  with  the  assurance  of  their  warmest  esteem  ;  and 

Beaolted,  that  this  resolution  be  printed  in  the  transactions  of  the  Institute^ 
and  that  the  Secretary  forward  a  copy  to  Mr.  Martin. 
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Mb.  R  W.  Pope  called  the  meeting  to  order  and  said : 
Gentlemen,  we  are  assembled  here  under  the  auspices  ot  the 
Massachusetts  Institute  of  Technology,  of  which  General  Walker 
is  the  distinguished  President,  and  I  have  the  honor  of  announc- 
ing that  he  will  now  give  you  a  brief  address  of  welcome. 

General  Walker  : — Mr.  President  and  Gentlemen  of  the 
American  Institute  of  Electrical  Engineers :  It  gives  me  very 
much  pleasure,  on  behalf  of  the  corporation  and  faculty  of  the 
Institute  of  Technology,  to  welcome  you  to  these  halls.  We  feel 
it  to  be  a  great  privilege  to  receive  on  this  occasion  a  body  of 
men  so  justly  and  widely  distinguished  for  their  acquirements 
and  for  their  positive  contributions  to  knowledge.  We  trust 
that  you  will  make  yourself  entirely  at  home  in  these  buildings, 
which  are  dedicated  to  industrial  science,  and  to  the  promotion 
of  the  useful  arts,  and  whatever  we,  on  our  part  shall  be  able  to 
do  toward  the  pleasure  and  practical  success  of  your  meeting, 
will  be  done  most  thoroughly  and  most  gladly.  We  have  on 
previous  occasions  been  permitted  to  receive  here  the  American 
Society  of  Mechanical  Engineers  and  the  American  Society  of 
Mining  Engineers,  and  in  each  instance  we  felt  this  to  be  a  high 
privilege.  Not  only  our  Faculty  but  our  students  have  derived 
great  inspiration  from  these  gatherings.  I  know  of  nothing  that 
can  give  a  stronger  impulse  to  generous  young  men  pursuing 
laborious  courses  of  study,  than  to  see  those  who  have  already 
distinguished  themselves  in  the  professions  to  which  they  aspire 
going  familiarly  in  and  out  among  them  and  hearing  them  par- 
ticipate in  debate  on  subjects  of  practical  present  interest  to  the 
profession.  For  our  students'  sake,  therefore,  as  well  as  for  our 
own  pleasure  and  instruction,  we  welcome  you  most  heartily  to 
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the  Institate  of  Technology.  Especially  are  we  gratified  that 
the  present  occasion  gathers  here  the  recognized  leaders  in  that 
department  of  thought  and  research  on  which  is  concentrated  so 
much  of  the  scientific  and  practical  interest  of  to-day.  You, 
gentlemen,  are  dealing  with  that  mighty  and  mysterious  force  to 
which  the  whole  world  is  looking  for  the  solution  of  many  of 
the  most  serious  diflSculties  and  perplexities  of  life,  for  a  generous 
enlargement  of  the  sphere  of  human  power  and  for  triumphs 
greater  far  than  man  has  yet  achieved  in  his  unceasing  struggle 
with  the  material  conditions  of  existence.  Already  nearly  one 
hundred  of  our  most  earnest  students  are  striving  with  unstinted 
labor  and  pains  to  qualify  themselves  to  become  your  juniors  and 
colleagues,  and  in  time  your  successors  in  the  exalted  profession 
which  you  so  fitly  represent. 

Eight  happy  am  I,  Mr.  President,  that  I  may  address  these 
we  coming  remarks  to  one  on  whom  the  laurels  of  peaceful 
triumphs  have  been  heaped  almost  beyond  the  privilege  of  the 
greatest  inventive  minds  of  history.  (Applause).  Of  these  you 
may  rightfully  be  more  proud  than  ever  conqueror  was  of  the 
spoils  of  war  and  the  trophies  of  bloody  victory.  In  the  name 
and  on  behalf  of  the  Institute  which  I  represent,  I  congratulate 
you,  sir,  on  the  splendor  of  your  achievements  and  on  the  purity 
of  your  well-earned  fame.  And  again,  with  all  my  heart,  I  bid 
you  and  your  honored  Association  welcome  to  the  Institute  of 
Technology.     (Applause). 

Prof.  Thomson:— Gentlemen  of  the  Institute:  It  is  surely 
beyond  my  power  to  respond  to  the  sincere  welcome  which  we 
have  received  at  the  hands  of  the  Massachusetts  Institute  as 
gracefully  as  General  Walker  has  extended  it.  The  Institute,  of 
course,  is  well  known  to  you.  It  is  an  Institution  which  has 
turned  out  very  many  of  the  leading  engineers  of  the  country, 
and  to-day  it  is  contributing  its  share  to  our  profession,  and  in 
fact  I  may  say  a  very  large  share.  I  have  reason  to  know  that 
the  training  which  is  given  here  at  the  Institute  is  of  the 
greatest  value  in  fitting  young  men  to  take  up  the  practical  work 
of  engineering.  It  is,  therefore,  fitting  that  the  Institute  of  Elec- 
trical Engineers  should  make  its  headquarters  here.  1  need  not 
enlarge  on  the  facilities  possessed  by  the  Institute  of  Technology 
for  demonstrations.  We  shall  probably  see  later  that  if  our 
papers  need  illustrating,  we  can  be  supplied  here  with  experi- 
mental arrangements.    And  I  may  add  further  that  I  have  a  sort 
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of  Bjmpathy  with  General  Walker  in  the  welcome  which  he  has 
BO  cordially  given  from  the  fact  that  onr  headquarters  are  in  this 
vicinity  and  I  may  say  that  I  also  welcome  the  members  of  the 
Institute  jnst  as  sincerely  to  Boston  and  its  snrronndings.  We 
hope  to  be  able  to  make  the  stay  of  the  Institute  as  pleasant  as 
may  be  during  the  course  of  this  meeting.  I  have  nothing  further 
to  say,  except  that  we  are  very  thankful,  and  I  have  no  doabt 
that  every  member  will  say  that  he  is  very  thankful  for  the 
opportunities  here  offered  and  for  the  hearty  welcome  that 
General  Walker  has  given  us. 

In  opening  the  meeting  I  will  state  that  the  Secretary  has 
some  announcements  which  he  desires  to  make. 

The  Sbobetary  : — Mr.  President,  it  may  interest  those  of  the 
members  who  were  not  present  at  the  business  meeting  held  in 
New  York  last  evening,  to  be  informed  that  the  following  gentle- 
men were  elected  to  fill  the  vacancies  caused  by  the  expiration  of 
the  terms  of  the  oflicers  as  named  in  the  programme. 

For  President,  Professor  W.  A.  Anthony,  of  Manchester, 
Connecticut;  for  Vice-Presidents,  Francis  B.  Crocker,  Joseph 
Wetzler,  Frank  J.  Sprague ;  for  Managers,  H.  Ward  Leonard, 
P.  B.  Delany,  H.  A.  Foster,  J.  C.  Chamberlain  ;  for  Treasurer, 
George  M.  Phelps ;  for  Secretary,  K.  W.  Pope. 

To-morrow's  work  will  be  play.  It  is  to  be  devoted,  if  we 
pass  through  our  programme  successfully  to-day,  as  we  hope  to 
do,  to  a  trip  which  the  West  End  Railway  Company  will  arrange 
over  its  line,  and  a  visit  to  the  new  Power  Station  in  the  fore- 
noon, and  in  the  afternoon  a  trip  will  be  taken  to  the  Thomson- 
Houston  factories,  which  will  be  opened  to  the  inspection  of  our 
members,  and  under  suitable  escort,  so  that  everything  we  trust 
will  pass  very  agreeably,  as  such  affairs  usually  do  in  this  city. 

The  dinner  at  the  Boston  Electric  Club  this  evening  will  take 
place  at  6.30  and  it  is  desirable  that  the  members  assemble  at  the 
Parker  House  promptly.  The  reception  rooms  will  be  opened 
before  that  time,  and  the  members  of  the  Institute  who  have 
annouiiced  to  the  Secretary  that  they  will  be  present  at  the 
dinner  will  find  their  places  assigned  to  them,  and  their  names 
at  the  plate. 

The  diagram  of  the  table  will  be  ready  for  examination  in  the 
reception  room.     There  will  be  about  200  present. 

The  programme  of  papers  will  be  changed  slightly.  The  paper 
of  Mr.  Marks  will  be  taken  up  this  forenoon,  and  the  one  on  a 
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New  Photometer,  by  Doctor  Nichols,  will  be  read  at  the  after- 
noon session.  This  change  is  made  to  accommodate  Mr.  Marks, 
who  has  an  important  engagement  elsewhere. 

I  notice  among  the  audience  our  newly  elected  President,  and 
I  trust  he  will  come  forward  now,  as  is  the  custom,  and  take  the 
chair. 

On  account  of  President  Anthony's  recent  indisposition  he 
does  not  feel  quite  able  to  assume  the  duties  of  the  chair  this 
morning. 

The  first  paper  on  the  docket  is  Electric  Lighting  in  the 
Tropics,  by  Wilfrid  H.  Fleming  of  New  York  City.  In  the 
absence  of  Mr.  Fleming,  Mr.  Wetzler  will  present  this  paper. 

Mr.  Wetzler  read  the  paper. 
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ELECTRIC  LIGHTING  IN  THE  TROPICS. 

BY   WILFRID    H.    FLEMIMO. 

One  of  the  chief  difBcalties  that  an  en^neer  experiences  who 
is  called  upon  to  install  a  plant  of  any  considerable  size  in  tropical 
countries  is  the  trouble  of  procuring  any  kind  of  skilled  labor  for 
this  particular  class  of  work.  Anotlier  difficulty  is  that  he  is 
so  far  from  his  base  of  operations — the  factory — which  will  often 
lead  him  to  depend  upon  himself  in  overcoming  obstacles  that 
arise  from  time  to  time  as  the  work  progresses.  Language  and 
the  heat,  as  well  as  fevers,  are  minor  affairs. 

Electric  lighting  has  already  gained  many  warm  adherents  both 
in  the  East  and  Wes*  Indies,  more  especially  in  the  former  where 
plants  of  considerable  capacity  have  been  in  active  operation  for 
the  past  eight  years.  It  is  especially  adapted  for  use  in  houses  in 
warm  climates,  such  as  that  of  India,  where  the  old-fashioned 
"punkah"  is  in  daily  and  nightly  use  for  cooling  the  rooms, 
accompanied  with  its  attendant  noise  as  the  "  punkah  wallah,"  a 
servant  pulls  it  backward  and  forward  causing  the  continual 
flickering  of  the  lamps  or  gas.  That  system  will,  in  time,  I  hope, 
give  place  to  the  noiseless  motor  fans  and  steady  incandescents, 
thus  enabling  the  Anglo-Indian  to  read  and  rest  in  comfort. 

A  central  station  plant  that  the  writer  was  engaged  upon  lately 
in  one  of  the  chier  cities  of  the  West  Indies,  would  compare 
favorably  in  size  and  equipment  with  one  situated  in  a  city  of  a 
corresponding  number  of  inhabitants  in  the  United  States. 
Alternating  current  dynamos  of  a  capacity  of  4.500  16  c.  p.  lamps 
were  employed  for  lighting  the  chief  stores,  theatres  and  private 
houses,  and  600  arc  lights  of  1200  c.  p.  each  lighted  up  the  main 
streets  and  parks. 

It  was  at  iirst  intended  to  run  a  small  plant  in  connecticn  with 
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the  existing  gae  works,  more;  as  an  experiment  than  with  a  view 
to  actaal  financial  success,  but  in  the  space  of  six  months  the 
station  was  more  than  trebled  from  its  original  capacity. 

The  people  took  to  it  from  the  start,  paying  cheerfully  the 
prices  that  were  demanded.  To  an  indolent  race  it  was  a  great 
boon.  Money  to  them,  it  would  appear,  was  of  less  account  than 
the  trouble  and  work  called  upon  to  go  around  and  light  up  the 
different  oil  and  gas  lamps,  since  all  the  lights  were  switched  on 
the  different  circuits  at  sunset.  In  the  tropics,  as  is  well  known, 
there  is  no  twilight.  Darkness  comes  on  within  10  minutes  of 
Bundown  and  t]ie  whole  plant  practically  goes  into  operation  at 
once. 

The  construction  work  on  this  particular  plant  was  necessarily 
somewhat  slow,  as  men  unaccustomed  to  erect  a  30  or  45-foot 
pole  took  their  time  to  do  so,  in  which  operation  they  received 
the  appreciation  of  the  usual  army  of  idlers.  Poles  suitable  for 
carrying  a  number  of  circuits  had  to  be  imported  from  the  United 
States,  as  well  as  the  ornamental  wooden  columns  for  supporting 
the  lamps  in  the  parks  and  public  squares.  Poles  of  native 
growth  could  not  be  found  straight  enough  and  even  if  of  sutB- 
cient  length  were  weak.  Some  poles  could  have  been  had  from 
a  tree  called  the  iron  wood  tree.  This  wood,  however,  is  of  so 
close  a  grain  and  so  very  heavy  that  it  was  out  of  tlie  question  to 
use  it.  Many  of  the  business  streets  were  not  more  than  from 
20  to  30  feet  across  including  the  sidewalks.  Moreover,  as  cur- 
tains or  awnings  are  stretched  overhead  from  side  to  side  by  the 
owners  of  the  stores  to  shelter  and  protect  their  goods  from  the 
sun's  rays,  it  was  impossible  to  erect  a  pole  line  down  these 
streets,  I  found  it  better  to  run  a  two-inch  iron  piping  up  the 
side  of  the  houses  every  160  feet  to  a  point  6  feet  above  the  cop- 
ing stone,  and  then  attaching  to  the  top  of  this  pipe  a  T?  inserting 
in  this  T  wooden  cross  arms  to  which  the  insulators  were  attached 
in  the  usual  manner.  It  must  be  borne  in  mind  that  the  houses 
are  not  of  very  great  height.  Where  this  arrangement  was  im- 
practicable owing  to  the  varying  heights  of  the  houses,  I  inserted 
strong  iron  brackets  in  the  buildings  set  in  with  cement  and  well 
painted  with  rust-proof  paint. 

In  India  considerable  care  has  to  be  exercised  in  putting  up  a 
pole  line.  If  you  want  your  work  to  stand  any  length  of  time, 
the  base  of  the  poles  for  one-sixth  of  their  length  must  be  thor- 
oughly well  creosoted  to  resist  as  far  as  possible  the  ravages  of  an 
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insect  called  the  white  ant  or  ^'termite."  These  insects 
live  on  wood.  They  attack  even  the  wood-work  of  the  houses 
and  soon  reduce  the  thickest  timber  to  a  mere  shell.  They  live 
in  trees  and  construct  nests  of  great  size  like  small  sugar  casks 
made  of  particles  of  gnawed  wood  and  cemented  by  a  kind  of 
gluten.  They  are  so  strongly  attached  to  the  branches  that  they 
cannot  be  shaken  down  even  by  violent  storms.  It  is  a  good 
plan  to  paint  the  poles  8  feet  above  the  surface  of  the  ground 
with  good  gas  tar  if  obtainable.  In  these  climates  special  atten- 
tion should  be  given  to  protecting  the  working  parts  of  arc  lamps, 
owing  to  the  fact  that  rain  occurs  only  for  about  three  months  of 
the  year  and  to  make  up  for  this  loss,  the  humidity  of  the  atmo- 
sphere is  remarkable.  It  is  not  at  all  infrequent  to  find  early  in 
the  morning  the  bottom  carbon  holders  full  of  water  unless  pro- 
vision is  made  for  draining  this  ofi.  During  the  hot  season,  a 
breeze  springs  up  between  9  and  10  o'clock  in  the  morning  and 
the  ground  being  dry,  the  dust  is  terrific.  Insects  of  a  large  size 
— much  more  so  than  those  found  in  the  northern  climates — 
bats  and  small  birds  attracted  by  the  glare  are  found  either  in  the 
globes  or  lying  at  the  base  of  the  lamp  posts  in  large  quantities 
every  morning ;  and  the  wholesale  slaughter  that  takes  place 
nightly  seems  to  have  no  effect  in  diminishing  these  pests. 

It  was  found  better,  therefore,  on  the  arc  service  to  give  a  man 
about  25  lamps  to  trim  and  clean  per  day,  and  the  native  en- 
trusted with  this  work  was  held  responsible  and  if  the  lamps  were 
found  in  a  dirty  condition  he  was  fined,  which  usually  had  a  good 
effect. 

In  the  construction  of  station  buildings  one  is  guided  much  by 
the  facilities  for  procuring  stone  brick  or  other  suitable  material 
in  that  particular  locality.  Galvanized  iron  is'  sometimes  used  for 
roofing,  but  more  frequently  roofs  are  constructed  of  a  sun-baked 
clay  tile,  provision  being  made  as  is  usual  for  an  ordinary  wire 
tower  for  distributing  the  various  circuits.  A  point  to  be  noted 
is  that  the  engineer  should  construct  his  rain  gutters  for  taking 
off  the  storm  water  at  least  double  the  size  that  is  ordinarily 
allowed  for  temperate  climates.  Roofs  and  the  outsides  of  the 
buildings  are  white-washed. 

To  give  an  idea  of  the  heat  from  the  sun,  I  may  mention  that  I 
had  to  replace  considerable  quantities  of  insulated  wire  after  it 
had  been  up  only  a  short  time,  the  insulation  in  places  sagging 
right   away   from    the  copper  wire  and   finally  dropping    off. 
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During  the  rainy  season  prevailing  in  the  West  Indies  in  the 
months  of  June,  July  and  August ;  and  in  the  East  Indies,  known 
by  the  name  of  the  south  west  monsoon,  and  prevailing  from  May 
to  the  latter  part  of  August,  electrical  storms  occur  almost  daily. 
They  are  often  exceptional  in  violence,  and  much  trouble  and 
anxiety  arises  from  possible  damage  to  line,  lamps,  and  dynamos, 
even  though  protected  by  good  lightning  arresters. 

While  a  heavy  storm  was  in  progress  one  night  last  summer 
in  the  West  Indies,  I  noticed  when  in  the  station  a  curious  effect 
of  a  flash  that  fused  the  lead  strips  on  an  ordinary  saw-tooth 
arrester  connected  with  one  of  the  incandescent  circuits.  The 
strips  were  entirely  destroyed  or  volatilized  and  what  was  before  a 
polished  plate  of  brass  was  now  tarnished  with  a  film  of  the  lead 
vapor,  and  there  was  distinctly  marked  as  if  photographed  on  the 
plate  a  zig-zag  streak,  in  all  appearance  like  a  photograph  that 
had  been  taken  of  lightning.  Engineers,  during  the  prevailing 
season  of  storms,  should  take  particular  pains  that  their  lines  and 
machines  are  thoroughly  well  protected  and  that  the  arresters 
have  good  earth  connections. 

A  sad  case  came  under  my  notice  that  happened  at  a  temporary 
installation  for  illuminating  a  camp  in  Poonah,  in  the  Bombay 
Presidency,  with  arc  lamps  in  honor  of  a  visit  of  an  influential 
Kajah.  Whilst  the  festivities  were  taking  place  in  the  evening, 
a  heavy  storm  occurred.  Lightning  entered  on  the  line,  no  pro- 
vision had  been  made  for  diverting  its  course,  and  it  destroyed 
the  dynamo  besides  killing  the  native  oiler  who  just  at  that  mo- 
ment was  engaged  in  filling  up  the  oil  cups  on  the  bearings.  He 
was  either  thrown  or  fell  across  the  commutator  end  of  the  dy- 
namo, as  he  was  found  in  that  position,  his  hands  much  burnt  as 
well  as  his  feet. 

In  the  year  1877  the  first  commercial  arc  lamp  was  in  use  at 
the  oflSces  of  the  Bombay  TimeSy  and  if  I  remember  correctly  it 
was  the  first  light  shown  in  the  Indian  Empire.  From  that  date 
on,  the  demand  for  lighting  has  been  on  the  increase  ;  but  pretty 
nearly  all  the  work  has  been  confined  to  isolated  work  and  small 
central  stations,  cotton  mills,  sugar  and  indigo  plantations,  gov- 
ernment buildings  and  large  private  dwelling  houses.  Places 
of  business  and  offices  do  not  require  lighting,  as  business  is  con- 
ducted by  the  merchants  only  from  7  o'clock  in  the  morning  till 
4  in  the  afternoon.  The  inhabitants  of  hot  climates  necessarily 
spend  much  of  their  time  out  of  doors  and  are  fond  of  social 
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gaietj.  They  have  been  famous  for  centaries  for  skill  in  fllumin- 
atingy  and  this  fact  has  added  much  to  the  popularity  of  arc  and 
incandescent  lampa,  which  as  is  well-known,  particularly  lend 
themselves  to  artistic  illuminating  purposes.  From  this  know- 
ledge, in  the  early  part  of  the  year  1885, 1  imagined  that  it  would 
be  a  financial  success  to  get  together  a  travelling  portable  electric 
light  plant,  consisting  of  a  vertical  boiler,  engine  and  two 
dynamos,  one  an  8  arc  light  machine  and  the  other  a  100  light 
incandescent,  both  mounted  on  a  stout  frame  which  rested  on  a 
pair  of  bisel  trucks.  This  work  was  carried  out,  and  I  was  kept 
actively  employed  for  many  months  in  going  round  to  different 
large  Indian  estates  and  native  palaces  for  the  fetes  that  attend 
the  various  religious  and  family  ceremonies  that  the  wealthy 
natives  are  fond  of  indulging  in.  Large  sums  of  money  are  spent 
and  the  festivities  often  last  for  a  week  or  longer.  It  turned  out 
to  be  as  I  surmised  it  would,  a  regular  •'  bonanza,"  until  on  one 
occasion  in  bringing  the  un  wieldly  contrivance  down  a  steep 
hill  on  one  side  of  which  was  a  ravine,  it  fell  over ;  and  it  is  need- 
less to  relate,  that  the  whole  apparatus  was  seriously  damaged.  I 
found  it  would  not  pay  to  patch  it  up  again,  so  after  stripping 
everything  that  was  portable  I  left  the  remainder  to  lie  and  rust 
in  the  tropical  vegetation. 

Owing  to  the  high  price  of  coal,  which  is  a  costly  article  in  the 
tropics,  ranging  from  $8  to  $50  per  ton  delivered,  it  is  well  to 
employ  the  most  efficient  and  economical  engine  for  motive 
power,  more  especially  for  central  station  work.  In  the  staion 
previously  referred  to,  we  were  running  with  high  speed  com- 
pound condensing  engines  with  satisfactory  results. 

In  many  sugar  plantations  in  the  West  Indies  where  the  in- 
stallations are  of  a  comparatively  small  size,  economy  in  this  di- 
rection IS  not  practised  as  the  amount  of  steam  used  is  not  missed, 
the  boiler  capacity  on  estates  ranging  from  100  h.  p ,  to  one  at 
CienfuegO!*,  Cuba,  of  2,500  h.  p.  It  behooves  the  engineer,  how- 
ever,  who  has  charge  of  a  plant  to  exercise  considerable  care  and 
watchfulness  over  his  native  iiremen.  The  natives,  as  a  rule,  I 
have  found,  if  treated  with  kindness  and  forbearance,  show  an 
aptitude  in  learning  and  taking  hold  that  is  often  remarkable, 
more  so  than  with  some  of  their  brethren  of  a  lighter  color  who 
because  they  have  been  taught  how  to  start  and  stop  a  dynamo  or 
trim  an  arc  lamp,  give  themselves  all  the  airs  of  an  expert  in 
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electrical  matters,  and  have  got  beyond  that  stage  when  they  are 
willing  to  be  instructed  or  to  be  obedient  to  orders,  an  unwilling- 
ness that  sometimes  leads  to  disastrous  results. 

The  types  of  machines  chiefly  in  use  in  the  East  Indies  are 
those  of  English  and  French  manufacturers,  Siemens,  Gramme, 
Silvertown  and  other  well-known  types.  Those  in  use  in  the  West 
Indies  and  South  and  Central  America  are  generally  of  American 
make,  and  the  market  is  not  a  small  one.  The  great  strides  that 
both  the  foreign  and  home  companies  have  made  in  the  last  two 
or  three  years  in  the  supply  and  equipment  of  electrical  plants  for 
these  distant  lands  are  very  evident  signs  that  this  particular 
business  is  receiving  great  attention  at  the  hands  of  local  mer- 
chants, planters  and  city  or  town  oflicials  and  that  they  are  more 
and  more  influenced  by  the  many  advantages  to  be  gained  by  the 
use  of  electric  lighting.  Planters  find  now  that  it  is  much  to  their 
gain  in  a  financial  way.  In  former  years,  for  example,  the  facili- 
ties of  shipping  their  produce  were  restricted,  and  the  work  was 
done  in  daylight  and  slowly.  Now  with  weekly  and  almost  daily 
sailings,  it  is  an  absolute  necessity  that  they  sliould  get  their  pro- 
duce ready  with  the  quickest  despatch  possible,  and  this  they  do 
with  the  aid  of  the  electric  light.  When  an  engineer  is  called 
upon  to  install  or  take  charge  of  an  electric  light  plant,  it  will  be 
well  for  him  to  insist  pretty  closely  not  only  that  all  the  ma- 
terials specified  in  the  estimates  have  been  shipped,  but  that  every 
class  of  tool  requisite  for  constructional  work  is  included.  Much 
time  is  lost  and  much  trouble  is  made  when  you  find  that  your 
outfit  does  not  include  "climbing  spurs  "  or  draw  vises  and  other 
important  articles.  I  have  known  engineers  who  have  had  ex- 
pensive testing  sets,  Wheatstone  bridges,  reflecting  galvanometers 
and  other  delicate  instruments  sent  out  with  them,  and  then 
found  that  they  had  few  or  any  tools  to  work  with,  and  that  the 
nearest  hardware  store  was  many  miles  away  through  a  rough 
country,  and  even  then,  the  store  when  reached  did  not  contain 
the  requisite  goods,  there  having  been  no  stock  kept  because  there 
was  no  demand  made  for  them.  Spare  armatures,  complete 
sets  of  arc  lamp  apparatus  as  well  as  duplicate  parts  of  dynamos, 
spare  brasses  and  gear  for  engines  and  tubes  for  boilers  should 
always  be  included  and  it  should  be  seen  that  they  are  shipped. 

Apart  from  the  vicissitudes  incidental  to  life  in  the  trop'cs, 
there  is,  I  think,  always  a  satisfaction  and  pleasure  in  the  success- 
ful  completion  of  an  installation,  knowing  as  one  does  that  it  is  a 
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potent  factor  in  the  greater  civilization  of  those  countries,  demon- 
strating to  the  inhabitants,  who  have  heretofore  depended  on 
artificial  illumination  of  the  same  primitive  character  and  manner 
as  their  forefathers  used  through  ages  past,  what  science  aided 
by  her  lieutenants  "pluck  and  energy"  can  accomplish. 

DISCUSSION. 

Prof.  Thomson  : — Gentlemen  of  the  Institute,  you  have  heard 
the  very  interesting  paper  read  and  it  is  now  open  for  discussion. 
Any  remarks  or  additions  to  the  information  given  in  the  paper 
will  be  acceptable  from  any  member  who  has  had  similar 
experience. 

1  would  simply  say  on  our  own  account  that  we  have  had  at 
least  the  eflFects  of  some  of  the  difficulties  brought  home  to  us  in 
the  shape  of  corrosion  in  the  tropical  regions,  on  the  Isthmus  and 
especially  in  Colon.  The  wind  seems  to  bear  salt  spray  with  it 
from  the  Gulf  and  it  deposits  this  upon  everything,  so  that  brass 
will  not  live,  and  even  copper  will  not  live.  The  moisture  is  so 
great  and  probably  salty,  combined  with  rank  vegetative  emiss 
sions  or  effluvia,  that  corrosion  goes  on  at  an  inconceivably  rapid 
rate  —a  rate  which  is  to  us  altogether  unknown.  I  have  seen 
brass  castings  partly  eaten  through,  and  even  copper  wire  covered 
with  insulation— not  of  course  a  very  fine  insulation — but  I  have 
seen  the  insulation  partly  intact  and  the  copper  wire  turned  into 
a  green  compound  until  it  was  nearly  corroded  away.  I  have 
seen  lengths  of  it  of  several  feet.  So  that  we  in  this  climate 
hardly  appreciate  the  difficulties  which  are  added  to  the  difficul- 
ties of  getting  labor  and  commanding  it  as  pointed  out  in  the 
very  interesting  paper. 
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LIFE  AND  EFFICIENCY  OF  AEC  LIGHT  CAEBONS 


BT   LOUIS   B.    MARKS,   M.  £. 


From  the  experimental  stage  of  arc  lighting  to  the  commercial 
application  of  the  system  to-day,  little  or  no  increase  in  the 
efficiency  of  the  carbon  points  appears  to  have  been  made. 

Now  that  our  dynamos  and  lamps  have  reached  such  a  state  of 
perfection,  the  subject  presents  itself  as  pre-eminently  important. 
The  arc  light  pencil,  considered  as  an  individual  part  of  the 
plant,  is  indeed  a  small  thing,  but  in  it  undoubtedly  lies  the  weak 
spot  of  the  system. 

It  was  with  a  view  of  studying  the  action  of  modem  carbon 
pencils,  that  the  investigations  here  to  be  be  described  were 
undertaken.  The  carbons  experimented  upon  were  all  of  Ameri- 
can manufacture,  and  were  procured  from  five  companies,  (A, 
B,  C,  D  and  E.) 

While  the  greater  part  of  the  research  was  upon  the  life  and 
efficiency  of  the  pencils,  observations  were  also  made  in  other 
directions. 

The  subject  will  be  treated  under  the  following  heads : — 

1st.   Structure  of  the  carbons. 

2nd.   Life  tests. 

3rd.  Efficiencies. 

4th.   Candle-power  measurements. 

5th.   Observations  of  the  arc  and  carbon  points. 

It  is  well  known  that  the  life  and  efficiency  of  a  carbon  depends 
upon  the  system  in  which  the  latter  is  burned.  For  instance, 
"  the  requirement  of  the  low  tension  system  seems  to  be  a  carbon 
that  is  hard,  well  plated  and  a  good  conductor,  the  latter  being 
the  most  important." 

"  In  the  high  tension  system,  on  the  contrary,  hardness  and 
conductivity  seem  to  be  of  secondary  importance.     There  is  a 
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tendency  to  ^  flame '  and  bnrn  nnsteadily  when  a  hard  carbon  is 
used  in  this  system,  and  a  softer  one  sometimes  becomes 
necessary."^ 

It  is  interesting  to  note  the  methods  employed  by  carbon  manu- 
facturers to  attain  the  conditions  above  mentioned.  In  one  of 
our  largest  carbon  works,  "  forced "  carbons,  or  those  made  by 
"  squirting"  the  plastic  material  through  a  die,  are  manufactured 
for  both  high  and  low  tension  systems  of  lighting,  to  the  ex- 
clusion of  molded  pencils.  On  the  other  hand,  another  company 
makes  no  forced  carbons,  but  claims  that  its  molded  pencils  are 
superior  for  either  system.  From  the  classification  given  below, 
can  be  seen  the  types  of  carbons  now  upon  the  market  for  boih 
systems. 
Carbon.  High  tension.  Low  tensioD. 

A molded ...   forced 

B "      molded 

C "      " 

D   forced forced 

(molded) 

^ I  forced  ( 

One  of  the  first  things  that  suggested  itself  was  the  study  of 
the  structure  of  the  various  samples  submitted. 

For  this  purpose,  thin  transverse  sections  of  all  the  specimens 
were  cut  and  mounted  on  glass  slides,  and  a  microscopical 
examination  made. 

The  accompanying  photographs  (Figs.  1-12)  show  the  appear- 
ance of  the  carbons  under  a  magnifying  power  of  about  forty 
diameters  in  the  case  of  groups  A,  B  and  C,  and  about  eighty 
diameters  in  that  of  D  and  E.  While  the  views  cannot  give 
either  the  color  or  lustre  of  the  original,  they  are  mainly  useful 
in  conveying  an  idea  of  the  texture  of  the  surface. 

Examining  the  photographs  we  note  that  there  is  a  marked 
difference  between  the  structure  of  a  molded  and  a  forced  carbon 
In  the  high  tension  pencil  of  the  brand  A,  (Fig.  1)  the  structure 
is  a  loose  one,  while  the  low  tension  rod  of  the  same  group  is 
marked  by  a  dense  homogeneous  structure ;  the  size  of  the  grains 
of  carbon  in  the  latter  case  is  very  much  less  than  in  the  former, 
and  as  seen  under  the  magnifying  power  of  the  microscope,  the 
particles  have  a  more  metalloid  lustre.  Again  there  is  probably 
considerable  air  space  in  Fig.  1 . 

»  G.  W.  Parker :    Proceedings  National  Elec.   Light  Assoc'n,  Pittsburgh 
Convention,  Feb..  1888,  p.  455.  /-^  j 
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Thus  it  appears  that  Fig.  1  has  the  qualifications  of  a  high  ten- 
sion carbon,  i,  e.  looseness  of  structure,  hence  comparative  soft- 
ness and  high  resistance ;  and  Fig.  2  the  requisites  of  a  low  ten- 
sion pencil,  i.  e.  density,  hardness  and  low  resistance.  The  resis- 
tance of  the  rod  (Fig.  1)  was  measured  and  found  equal  to  .199 
ohm  ;  that  of  Fig.  2  equalled  .144  ohm.  The  resistance  of  the 
plated  low  tension  carbon  was  .084  ohm. 

The  structure  of  the  carbons  in  group  b,  (Figs.  3  and  4)  was 
was  found  after  close  examination  to  be  about  the  same.  To 
secure  the  requisite  low  resistance  of  Fig.  4  the  pencil  was 
heavily  copper-plated,  the  thickness  of  the  coating  being  about 
1-10  millimetre,  while  that  of  Fig  3  was  a  little  less  than  1-20 
millimetre. 

A  method  diflFerent  than  either  of  those  just  described  is  used 
in  the  manufacture  of  carbons  c,  (Figs.  5  and  6.)  As  in  the 
previous  instance,  molded  carbons  are  made  by  this  company  for 
both  high  and  low  tension  systems,  but  a  much  greater  pressure 
is  applied  to  the  molds  in  manufacturing  low  tension  pencils 
than  in  the  case  of  high.  This  accounts  for  the  diflEerence  in 
structure  exhibited  in  the  photographs;  although  a  molded 
carbon,  Fig.  6  thus  approaches  the  structure  of  the  forced  pencil, 
Fig.  2. 

Groups  D  and  e  are  highly  magnified.  An  attempt  has  been 
made  to  manufacture  a  carbon  that  will  burn  fairly  well  in  either 
system.  Fig.  8  shows  this  carbon.  In  structure  it  is  a  mean  be- 
tween Fig.  Y  and  Fig.  9.  Besides  a  difference  in  pressure  used 
in  constructing  pencils  of  group  d,  there  is  also  a  difference  in 
the  "  mix  "  or  composition  of  the  carbon. 

The  dissimilarity  in  structure  between  carbon  e,  Fig.  11  and 
E,  Fig.  12  is  apparent,  yet  both  pencils  are  used  ifi  high  tension 
systems.  The  efliciency  of  these  types,  as  well  as  of  the  others 
will  be  discussed  later.  Fig.  12,  it  will  be  noted,  is  very  similar 
in  structure  to  Fig.  9  (carbon  d);  in  both  cases  the  striations  are 
marked  and  indicate  that  the  carbon  is  built  up  of  strata  lying 
longitudinally,  or  in  the  same  direction  as  the  application  of  the 
pressure  used  in  manufacturing  the  pencils.  When  examined 
with  the  microscope,  carbon  d,  (Fig.  9)  evinced  more  lustre  than 
Fig.  12,  showing  that  a  greater  quantity  of  pure  carbon  was  used 
in  the  manufacture  of  the  former. 

Life  Tests. 

If  a  carbon  is  burned  with  a  small  current  its  life  will  be  long 
at  a  sacrifice  of  Ught-giving  properties.    If  on  ^Ji,<jtb^C^^k 
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large  carrent  is  ased,  there  may  be  a  gain  in  efficiency  at  a 
sacriiice  of  life.  The  question  arises — what  is  the  proper  current 
to  use?  Of  course  circumstances  determine  to.  a  large  extent 
the  answer  and  generally  such  a  current  is  used  as  gives  a  fair 
mortality  at  a  reasonable  efficiency  of  the  carbon. 

The  high  tension  carbons  submitted  for  test  were  designed  to 
be  burned  at  about  10  amperes  and  the  low  tension  at  about  2<». 
In  the  life  tests  a  Thomson  lamp  was  used  for  high  tension  runs, 
current  being  kept  constant  at  10  amperes  and  p.  d.  at  50  volts. 
For  low  tension  carbons  the  Weston  lamp  was  used.  The 
pencils  were  accurately  weighed  before  and  after  the  runs,  and 
the  life  calculated  on  the  assumption  that  the  carbons  were 
homogeneous.  Each  set  of  pencils  was  burned  an  hour.  The 
results  of  tests  are  given  in  table  1. 

TABLE    1. 
Life  Tests. 


1 

+ 

1 

i 

S 

+ 

1 

1 

Carbok. 

f 

ii 

5 

1 

1 

i' 

it 

09 

A  molded  high  ten. 

(naked) 

.502 

.199 

59.87 

25.10 

10. 

50 

5.86 

8.69 

10.22 

A  forced  low  tan. 

(plated) 

.600 

.072 

64.89 

27.16 

21.5 

30 

6.16 

4.43 

10.55 

B  molded  high  ten. 

(plated) 

.506 

.075 

58.17 

28.82 

10. 

50 

4.80 

2.44 

12.13 

B  molded  low  ten. 

(plated) 

.498 

.071 

367.80 

295.50 

22.6 

28 

166.60 

51.50 

9.42' 

C  molded  high  ten. 

(naked) 

.510 

.2165 

62.94 

29.03 

10. 

60 

6.21 

3.68   10.13 

C  molded  low  ten. 

(plated) 

.516 

.0715 

594.40 

294.60 

22.5 

28 

161.00 

41.0     9.88* 

D  forced  low  ten. 

1 

(plated) 
D  forced  high  or 

.606 

.096 

62.46 

86.10 

21.5 

30 

6.92 

3.08  1  9.03 

' 

low  ten.  (plated) 

.604 

.142 

60.58 

29.78 

10. 

50 

6.66 

4.16     9.11 

D  forced  high  ten. 

(naked) 

.457 

.187 

47.20 

23.63 

10. 

60 

5.46 

3.29     8.64 

E  forced  low  ten. 

(naked) 

.605 

.2207 

344.68 

244.64 

22.5 

28 

193.18 

74.42 

7.71« 

E  molded  high  ten. 

(naked) 

.683 

.202 

63.30 

30.48 

10. 

60 

6.09 

3.04 

10.39 

E  forced  low  ten. 

(naked) 

.522 

.251 

59.62 

29  81 

10. 

60 

5.91 

3.52 

10.09 

*  These  low  tension  runs  were  made  with  the  Weston  plant  on  the  IJniTersity 
Campus.  Ten  lamps  were  run  in  series.  Time  of  test  was  2^  hours  in  the  case 
of  carbons  B  and  E,  and  2  hours  and  25  min.  in  the  case  of  C. 
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It  has  been  stated  that  ^'  with  carbons  of  the  same  hardness  and 
length  bnt  having  different  diameters,  the  larger  will  undoubtedly 
outlive  the  smaller.  Of  carbons  of  the  same  diameter  and  length, 
but  differing  in  hardness,  the  harder  will  outlive  the  softer."^ 

This  statement  presapposes  that  the  conductivity  of  the  carbon 
is  directly  dependent  on  the  hardness  or  softness  of  the  pencil. 

In  order  to  examine  more  fully  the  relation  between  diameter 
resistance  and  mortality  of  a  pencil,  six  sets  of  carbons  of  the 
brand  b.,  varying  in  diameter  from  ^  to  1|  inches  were  carefully 
weighed,  their  resistances  measured  by  the  Wheatstone  Bridge 
method  and  the  pencils  burned  with  a  constant  current  of  10  am- 
peres from  a  Gramme  dynamo,  the  p.d.  at  the  terminals  of  the 
the  lamp  being  kept  at  50  volts.  The  diameters  and  resistances 
respectively  of  the  upper  and  lower  carbons  were  in  each  case 
practically  the  same.  A  mean  of  ten  micrometer  measurements 
of  the  diameter,  was  taken  as  correct.  The  duration  of  each  run 
was  60  minutes. 

Following  are  the  data : 

TABLE  2. 
Mortality  with  Different  Diametsbs. 


Cabbon. 

Mean  Diameter ; 
inches. 

o 

+ 
3 

+ 

it 

r 

Life 

12  inch -f  carbon 

hours, 

1 

B  molded  high  ten. 

.458 

.0805 

44.70 

4.20 

10.64 

.506 

.075 

68.17 

4.80 

12.12 

.618 

.0785 

94  98 

6.96 

18.64 

.789 

.0615 

183.84 

6.19 

21.38 

.936 

.061 

283.20 

8.88 

26.15 

1.195 

.059 

889.57    ■ 

10.14 

33.49 

From  the  results  given  in  table  2,  it  appears  that  the  life 
of  a  carbon  varies  directly  with  its  diameter  and  infoersely  with 
its  resista/noe.  This  law  holds  only  for  homogeneous  carbons  of 
the  same  manufacture,  type  and  structure,  and  as  stated  before, 
for  constant  current  and  voltage. 

Let  us  take  the  i  inch  {,606'^)  and  1  inch  .986^)  pencils  as  standards 


G.  W.  Parker. 
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and  from  the  relation  above  stated,  calculate  the  mortality  of  tbe 
other  carbons. 

Table  3  fz^ves  a  comparison  of  the  actual  and  the  calculated  life 
of  the  various  specimens  tested. 

fABLE  8. 


Carboit. 

Mean 
Diam. 
inches. 

Standard— i' 
(  505") 

Standard  1" 
(.98(5') 

Actual  life 

Calculated  life 
hours. 

Calculated  life 
hours. 

hours 

B  molded  light. 

.458 

10.92 

9.82 

10  64 

(f                     4( 

.618 

15.10 

18.62 

18.64 

II                     1. 

.'W 

21.58 

19.44 

21.88 

II                     II 

1.196 

86.40 

88.04 

83.49 

Thus  it  appears  that  the  calculated  life  throughout  the  series 
is  larger  than  the  actual  when  the  Y  carbon  is  taken  as  a  stan- 
dard and  smaller  when  the  V  pencil  is  made  the  basis  of  calcu- 
lation. 

The  carbons  of  group  b  were  not  perfectly  round,  a  variation 
of  3^  being  at  times  found,  between  the  ten  measurements  of 
the  diameter  of  a  pencil.  In  determining  the  resistance  of  the 
carbon  rods,  the  tips  of  the  latter  were  copper-plated  when  neces- 
sary and  mercurial  contacts  used.  The  lamp  was  adjusted  to  bum 
at  50  volts  potential  diflEerence  for  each  set  of  pencils. 

While  every  precaution  was  taken  to  avoid  discrepancies,  it  is 
clear  that  from  the  nature  of  the  substance  experimented  upon, 
and  the  extreme  diflSculty  of  maintaining  constant  conditions, 
errors  are  apt  to  creep  into  the  work.  But  the  results  given  in 
table  3  as  well  as  later  determinations  undoubtedly  point  to  the 
existence  of  such  a  law  as  has  been  quoted. 

The  relation  between  diameter  and  life  having  been  investigat- 
ed, experiments  were  then  made  to  determine  the  curve  for 
current  and  mortality  of  the  pencil,  when  the  voltage  is  kept 
constant. 

For  this  purpose  a  number  of  molded  high  tension  carbons  of 
the  brand  e  were  used.  To  secure  uniformity  in  the  plus  and 
minus  pencils,  a  12  inch  stick  was  broken  in  half,  one  portion 
being  used  as  the  upper,  the  other  as  the  lower  carbon.  The 
length  of  each  run  was  an  hour.  Current  and  potential  were 
read  every  two  minutes  and  the  mean  taken. 
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Table  4  gives  the  data  from  which  the  curve  for  current  and 
mortality  (Fig.  3)  was  plotted. 

TABLE  4. 
Life  with  Diffkbbnt  Cubrents  and  Constant  Potential. 


Carbon. 


£  molded 
high  ten. 


as 


.518 


199 


80.20 
25.72 
20.85 
87.56 
81.75 
80.52 
84.80 
87.78 


21.15 
18.88 
15.19 
24.16 
20.58 
21.72 
26.90 
26.83 


6.02 

7.04 

8.01 

8.99 

10.01 

11.00 

12.08 

18.00 


I 


49.8 
49.7 
49.9 
49.9 
49.8 
50.9 
50.8 
50.1 


+ 


4.48 
4.87 
5.42 
5.81 
6.16 
6.67 
6.65 
7.26 


il. 


2.77 
8.19 
8.25 
8.68 
8.98 
4.18 
4  85 
4.61 


.6728 
.6047 
.5622 
.5450 
.5072 
.4910 
.4687 
.4502 


+ 

3 


1.62 
1.54 
1.66 
1.60 
1  52 
1.60 
1.52 
1.57 


As  will  be  seen  the  range  of  current  was  from  6  to  13  amperes. 
The  greatest  variation  of  the  mean  e.  m.  f.  for  the  several  runs 
was  one  volt. 

TABLE  5. 
Life  with  Different  Potentials  and  Constant  Current. 


Carbon. 


E  molded 
high  ten. 


Mean 
Diam; 
inches. 

+     - 


518 
521 
581 
,581 
.527 


518 
.517 
522 
522 
.580 


.199 
197 

.185 
185 

.191 


+ 


51.58 
87.65 
24.86 
24.86 


I 


I' 


48.82 
24.16 
19.06 
19.06 
19.84 


s. 


40 
45 
50 
55 
60 


+ 


5.625 

5.605 

5.88 

6.84 

6.70 


2.82 

2.87 

8.49 

4.026 

4.41 


^1 


.6425 
.6077 
.5458 
.4908 
.4525 


I      + 

SIS 


2.844 
1.958 
1.698 
1.589 
1.484 
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A  series  of  tests  was  now  made  with  constant  current  and 
varying  voltage.  The  current  in  this  case  was  maintained  at  ten 
amperes,  and  the  range  in  tension  was  from  f ortj  to  sixty  volts. 
Carbons  of  the  same  type  as  in  the  last  instance  were  used.  In 
table  5,  are  given  the  figures  for  these  runs  and  Fig.  14  shows 
the  curve  for  voltage  and  mortality. 

In  the  curves  (Figs.  13  and  14),  the  ordinates  represent  the  life 
of  an  inch  of  carbon  in  minutes.  Reference  is  made  not  to  the 
mortality  of  the  plus  pencil,  but  to  the  total  amount  of  carbon 
burned  in  the  lamp.  The  last  two  columns  in  Table  5,  have  been 
corrected  for  diameter  and  resistance  of  the  pencil,  the  diameter 
and  resistance  respectively  of  the  carbon  that  was  burned  at  10 
amperes  and  45  volts  having  been  taken  as  a  standard,  and  the 
life  of  the  other  pencils  reduced  to  a  common  basis  from  this, 
according  to  the  law  previously  stated. 

Very  little  has  been  published  regarding  the  relative  life  of 
the  plus  and  minus  carbons.  Those  books  in  which  the  subject 
is  alluded  to,  state  as  a  rule  that  with  direct  currents,  the  life  of 
the  upper  carbon  is  about  half  that  of  the  lower,  provided  both 
have  the  same  length  originally.  In  a  recent  publication  ^  the 
general  statement  is  made  that  "with  continuous  currents  the 
plus  wastes  twice  as  fast  as  the  minus  carbon.  With  alternating 
currents  the  upper  wastes  8  per  cent,  faster  than  the  lower  if  the 
carbons  are  vertical ;  but  at  the  same  rate  if  horizontal." 

TABLE  6. 
Relative  Life  of  the  Plus  and  Minus  Carbons. 


Carbon. 

+ 

It 

1 

1 

a 

1 

2 

1 

a   . 

+ 

r 

1 

it 

r- 

1 
J 

+ 

13 

B  molded  high 
ten. 

48.88 

25.22 

10 

50 

60 

6.28 

4.40 

1.20 

B  molded  low 
ten. 

61.48 

81.87 

10 

60 

60 

6.14 

3.27 

1.67 

A  molded  high 
ten. 

90.67 

38.68 

10 

50 

60 

5.98 

8.20 

1.87 

10  E  forced  low 
ten 

844.68 

244.64 

22i 

28 

150 

193.18 

74.42 

,  2.59 

10  B  molded 
low  ten. 

867.80 

259.50 

22i 

28 

160 

166.60 

61.60 

•  8  23 

10  C  mo^ed 
low  ten. 

594  40 

294.50 

22i 

28 

145 

151.00 

41.00 

8.68 

1 

..  .-'  Munro  &  Jamiesons'  Electrical  Rules  and  Tables,  1889. 
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No  experiments  were  made  upon  arc-light  carbons  fed  by 
alternating  currents  but  an  investigation  of  the  relative  loss  of 
the  plus  and  minus  pencils  with  direct  currents  gave  quite 
interesting  results.  Table  6  shows  that  the  plus  carbon  may 
burn  away  about  as  fast  as  the  minus,  or  may  waste  more  than 
three  and  a  half  times  as  quickly. 

Three  sets  of  experiments  were  undertaken  to  determine  the 
elements  that  affect  this  ratio. 

First.  Effect  of  changing  the  diameter  and  resistance  of  the 
pencils  with  constant  current  and  potential. 

Second.  Influence  of  change  of  current  with  constant  poten- 
tial. 

Third.     Change  of  potential  with  constant  current. 

For  determining  the  influence  of  diameter  and  resistance  upon 
the  relative  life  of  the  plus  and  minus  carbons,  a  number  of 
molded  high  tension  pencils  of  the  brand  a  were  used.  The  car- 
bons were  supposed  to  have  been  taken  from  the  same  "  batch  " 
and  were  burned  with  a  current  of  10  amperes  and  a  p.  d.— 50 
volts. 

Examining  table  Y,  which  gives  the  results  of  measurements 

we  note  that  \  yr  j^  \  appears  to  become  greater  with  increase 

of  diameter  of  the  carbon.  It  is  probable  that  the  inequality  in 
the  diameters  of  the  +  and  —  pencils  respectively,  as  well  as  the 
difference  in  the  resistances  of  the  two  carbons  of  a  set  explains 
to  a  large  extent  the  cause  of  this  increase  in  the  ratio.  For 
assuming  that  under  the  conditions  maintained,  the  life  of  a 
carbon  varies  directly  with  its  diameter  and  inversely  with  its 
resistance,  the  data,  (Table  7)  indicate  that  if  the  diameters  and 
resistances  respectively  of  the  +  ^^^  —  carbons  were  the  same 
in  .each  run,  the  ratio  would  be  practically  the  same  for  all  sizes 
of  carbons.    This  is  brought  out  in  the  last  column  of  the  table^ 

which  gives  the  corrected  values  of    |  yr~T  \ 

Second.  Eeference  to  the  last  column  of  Table  4  will  show 
that  a  change  in  the  current,  other  conditions  remaining  the  same, 

probably  has  no  effect  on  the  ratio  \  y^  \ .  For  when  a  cur- 
rent of  6  amperes  was  used,  the  ratio  was  equal  to  l.g2 ;  at  Y 
amperes  the  ratio  dropped  to  1.54 ;  it  then  alternately  increased 
and  decreased  to  13  amperes.     Hence  it  may  be  said  that  if  all 
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TABLE  7. 
Ihflubkcb  of  Diambtbb  Ain>  Rbsibtahcs  of  thb  Cabboh  ufoh  thb 

RbLATITB  LiFB  of  thb  -\-  AHD  —  Pencilb. 


fel 

Meandiam. 

Reals. 

+ 

1 

+ 

1 

1  + 

S| 

Cabbon. 

incl 

+ 

les. 

Oh] 

+ 

ms. 

i 

1 

i 
1 

i 

26 

1 

2 

9 

A  molded  high  ten. 

.8964 

.4088 

.255 

.240 

37.91 

16.97 

4.96 

3.04 

1.68 

1.79 

•• 

.4567 

.4567 

.225 

.248 

48.98 

30.S0 

6.41 

8.2^ 

1.65 

1.78 

n 

.6018 

.6168 

.199 

.207 

69.87 

86.10 

6.86 

8.69 

1.68 

1.74 

ii 

.6698 

.6623 

.178 

.190 

69.88 

S6.91 

6.2818.61 

1.78 

1.81 

(« 

.6811 

.6268 

.162 

.149 

90.57 

88.68 

6.983.20 

1.87  1.88 

errors  of    observation,  as  well  as  those  due  to  irregularities 

in  the  carbons  could  be  eliminated,  the  tt? — ; r —  would  1)6 

'        life  +  carbon 

found  to  be  constant. 
Thibd.     The  last  column  of  Table  5  contains  the  data  for 

life 

fr= — r  with  diflFerent  p.  d.'s  and  constant  current.  From  these 
life  + 

calculations  it  appears  that  the  ratio  depends  on  the  p.  d.  and 
that  the  greater  the  p.  d.,  the  more  nearly  does  the  former  ap- 
proach unity.  The  curve  plotted  from  the  figures  in  table  5,  is 
given  in  Fig.  15,  the  abscissae  being  volts,  and  the  ordinates  rep- 
resenting the  ratio  of  the  life  of  the  minus  to  the  life  of  the 
plus  carbon. 

Thus  the  causes  that  influence  the  relative  life  of  pencils  of  tl^e 
same  diameter,  lie  chiefly  in  the  diflPerence  in  the  resistance  of 
the  carbons  and  the  variations  of  p.  d. 

Judging  from  existing  theories  of  the  arc,  it  was  thought 
that  blowing  the  latter  with  a  magnet  during  the  runs  would 
relatively  increase  the  life  of  the  plus  carbon.  The  experiment 
was  tried  and  the  reverse  was  found  to  take  place,  i.  «.,  the  ratio 

•j  y^        [  increased  while  the  life  of  the  minus  pencil  was  not 

much  affected. 
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Efficiencies. 

Two  methods  of  determining  the  efficiency  of  each  set  of  pen- 
cils were  employed.  The  first  was  the  method  used  by  Mr. 
Merritt  in  obtaining  the  efficiency  of  the  incandescent  lamp^  and 
subsequently  by  Mr.  Nakano  in  his  work  on  the  efficiency  of  the 
are-lamp*.  The  second  dealt  with  candle-powers  and  will  be 
referred  to  in  the  discussion  of  candle-power  measurements. 

It  may  not  be  amiss  to  give  here  an  outline  of  the  first  method 
employed.  A  Thomson  lamp  was  mounted  on  a  movable  frame 
and  the  rays  from  the  burning  carbons  allowed  to  fall  on  the  face 
of  a  thermo-pile,  the  latter  being  in  circuit  with  a  sensitive 
Thomson  galvanometer.  The  deflection  of  the  galvanometer  was 
taken  as  a  measure  of  the  energy  of  the  total  radiation  which  fell 
upon  the  face  of  the  pile.  A  cell  containing  a  solution  of  alum 
was  then  interposed  between  the  light  and  the  pile,  and  the 
reduced  deflection  of  the  galvanometer  noted.  On  the 
supposition  that  the  alum  cell  cut  oflF  all  the  "  dark  heat "  and 
allowed  only  the  rays  of  the  visible  spectrum  to  reach  the  face  of 
the  thermo-pile,  the  last  measurement  would  give  the  true  value 
of  the  luminous  energy  emitted  by  the  lamp.  But  a  small  per- 
centage of  the  longer  wave  lengths  passes  through  the  alum  cell, 
and  a  large  part  of  the  luminous  rays  is  cut  off  by  its  interven- 
tion. Corrections  having  been  made  for  these  factors,  the  true 
values  of  luminous  radiation  resulted. 

A  mechanism  was  provided  by  which  measurements  could  be 
made  at  various  angles  below  the  horizontal  plane  without  altering 
the  distance  between  the  center  of  the  arc  and  the  thermo-pile. 

For  the  high  tension  runs,  the  lamp  was  fed  by  a  current  of  9 
amperes,  the  potential  difference  between  its  terminals  being 
kept  at  45  volts.  For  low  tension  tests,  current  -=  21^  amperes, 
and  p.  D.  —  30  volts.  Note  that  the  amount  of  energy  expended 
in  the  low  tension  lamp  was  21^  X  80  —  645  watts,  while  the 
high  tension  required  but  9  X  46  —  405  watts.  Although 
normally  the  former  requires  from  520  to  560  watts,  unsteadiness 
of  the  light  when  the  lamp  was  run  below  21^  amperes  made 
accurate  measurements  impossible. 

Tables  8-15  give  the  results  of  efficiency  tests.    In  the  column 

'£.  G.  Merritt :  Some  Determinations  of  the  Ener^  of  the  Light  from 
Incandescent  Lamps.    Amer.  Jour.  Science.  Yoi.  87.  p.  i67. 

'H.  Nakano :  Efficiency  ot  the  Arc  Lamp ;  Transactions  Amer.  Inst.  Elec. 
Eng.    Vol.  VI,  p.  808. 
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EFFICENCY  MEASUREMENTS. 


TABLE  8. 

1 

TABLE  9. 

Cabbon  a.  Molded  High  Tension. 

Cahbon  D.  Forced  High  Tension. 

Angle. 

L 

T 

L 
T 

Angle. 

L 

T 

L 
T 

0 

6.085 

110 

.0553 

0° 

4.733 

107 

.0442 

10^ 

8.112 

130 

.0624 

10° 

8.133 

118 

.0688 

20  = 

11.49    ;      184 

.0868 

20° 

11.49 

129 

.0891 

S'^" 

16.90 

146 

.1168 

;  30° 

14.20 

142 

.0977 

40° 

23.67 

146 

.1621 

40° 

16.91 

162 

.1112 

50- 

15.55 

143 

.1087 

50° 

19.61 

166 

.1257 

60 

10.14 

125 

.0811 

1     60° 

8.790 

142 

1 

.0619 

TABLE  10. 

TABLE  11. 

Carboi 

T  B.  UNPLATEE 
High  Ten. 

Molded 

Garb 

ON  B.  PLATED  ] 
High  Ten. 

Folded 

Angle. 

L 

T 

L 
T 

Angle. 

L 

T 

L 
T 

0^ 

10.14 

114 

.0889     = 

0° 

11.49 

116 

• 

.0991 

10^ 

13.52 

127 

.1066     , 

10° 

14  21 

128 

.1057 

20° 

16.55 

144 

.1080 

20° 

16.66 

146 

.1072 

80"^ 

18.26 

157 

.1163 

80° 

19.60 

157 

.1248 

40° 

22.81 

166 

.1352 

40° 

22.81 

164 

.1361 

50° 

22.31 

163 

.1852     , 

50° 

18.93 

164 

.1869 

00 

15.65 

156 

.0995 

60° 

16.56 

141 

.1103 

Digitized  by  VjOOQIC 


1890.] 


MARKS  ON  ARC  LIGHT  CARBONS. 


187 


TABLE  12. 

TABLE  18. 

Cakbon  E.  Molded  High  Tension. 

Carbon  E.  Forced  High 

Tension. 

Angle. 

L 

T 

L 
T 

Angle. 

L 

T 

L 
T 

0= 

2.702 

116 

.0238 

0° 

2.702 

118.5 

.0228 

10^ 

5.40.-i        154 

.0408 

10"* 

4.054 

1810 

.0310 

20^ 

8.108 

146 

.0555 

20^ 

6.756 

158. 

.0428 

30^ 

13.51 

157 

.0861 

80° 

6.081 

.0483 

40- 

17.57 

159 

.1105 

1 

40° 

10.18 

175.0 

.0579 

50^ 

11.48 

145 

.0792      ' 

50° 

14.19 

155.0 

.0895 

60^ 

7.77 

112 

.0710 

60° 

11.48 

136.0 

.0844 

TABLE  14. 

TABLE  15. 

Carbon 

A.  Forced  Low 

Tension. 

Carbon 

B.  Molded  Low  Tension. 

Angle. 

L 

T 

L 
T 

Angle. 

L 

T 

1a 

T 

0^ 

8.784 

162 

.0542      ' 

0° 

10.81          190 

.0569 

10^ 

12.16 

170 

.0715 

10° 

17.57    1      211 

.0888 

20 

20.27 

ia5 

.1095 

20° 

25.68    '      228 

1 

.1151 

80^ 

25.68 

190 

.1851      ! 

80° 

28.89 

228 

.1278 

40° 

25.68 

190 

.1851 

40° 

17.57 

215 

.0817 

60' 

16.89 

157 

.1080     1 

50° 

12.88 

182 

.0678 

60^ 

9  459 

IBO 

.0728 

60° 

6.081 

185 

.0451 
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headed  (L)  are  given  the  corrected  values  of  deflectionB  due  to 
luminous  radiation  ;  the  values  of  (T)  refer  to  total  radiation  and 

the  eflSciency  or  luminous  divided  by  total  radiation  -"  ]  m  [ 

These  tables  furnish  the  date  from  which  the  curves  (Figs.  16- 
23  were  plotted.  The  radii  show  the  positions  for  which  measure- 
ments were  taken  and  distances  measured  along  these  lines  from 
the  origin  to  the  dotted  curves,  give  the  intensity  of  luminous 
and  total  radiation  respectively  in  each  position. 

It  will  be  seen  that  the  distribution  of  total  radiation  differs 

considerably  from  that  of  luminous  radiation  hence  the  efSciency^ 

^ .  ,   .  ,  ,       (  luminous  radiation )     ,         ,  ^, 

which  18  expressed  by    -j  — r-pj — ,.    .  ■ —  r  depends  upon  the 

angle  of  measurement. 

The  full-line  curves  (Figs.  16-23)  represent  the  efficiencies  of 
the  various  carbons.  In  order  to  obtain  the  mean  or  hemi- 
spherical efficiency,  the  areas  of  the  curves  of  luminous  and  of 
total  radiation  were  found  by  means  of  the  planimeter ;  now  the 
ratio  of  the  radii  of  two  semi-circles  whose  areas  are  respectively 
equal  to  those  of  'the  curves  of  luminous  and  total  radiation,  is 
the  value  of  the  mean  spherical  efficiency.  This  value  has  been 
calculated  for  each  set  of  pencils  and  the  results  are  given  in 
Table  16 ;  also  in  Figs.  16-23. 


TABLE  16. 
Efficiency  Mbaburements. 

Carbon. 

1 

t 

1 

ft 

11 

P 

Life 

12  inch  +  carbon 

hours. 

d 

A  molded  high  ten. 

.506 

.208 

0 

45 

.0553 

.1621 

.1171 

10.22(10  -50) 

D  forced  high  ten. 

.457 

.187 

0 

45 

.0442 

.1257 

.1001  1     8.64(10  -50) 

B  molded  (unplated) 
high  ten. 

B  molded  (plated) 
high  ten. 

E  molded  high  ten. 

.458 
.458 
.588 

.224 

.0805 

.202 

9 
9 
9 

45 
45 
45 

.0889 
.0991 
.0288 

.1852 
.1869 
.1105 

.1269 
.1272 
.0896 

9.16(10  -50) 
10.64(10  -30) 
10.89(10  -50) 

E  forced  high  ten 

.522 

.251 

9 

45 

.0228 

.0895 

.0776 

10.09(10  -50) 

A  forced  low  ten. 

500 

.072 

21.5 

80 

.0542 

.1851 

.1105 

10.55(21^30) 

B  molded  lowten. 

.498 

.071 

21.5 

80 

.0569 

.1278 

.0982 

9.42(22i-28) 

y  vjiyjv 

"c3^ 

y^ 
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We  notice  that  the  horizontal  efficiency  is  very  small  compared 
with  the  maximum ;  that  relatively  high  efficiency  in  a  forced 
high  t&nsion  carbon  is  obtained  only  at  the  expense  of  life ;  that 
a  molded  carbon  is,  generally  speaking,  superior  to  a  forced  for 
high  tension  and  vice  versa  for  low  tension. 

In  the  case  of  the  high  tension  carbons  B  and  D,  the  diameters 
are  smaller  than  those  of  the  other  pencils,  hence  we  are  to 
expect  a  relatively  higher  efficiency  since  as  was  shown  last  year, 
the  "efficiency  varies  inversely  as  the  diameter.''* 

A  point  of  interest  brought  out  by  these  tests  (Tables  10  and  11 
and  Figs.  18  and  19),  is  the  fact  that  while  the  life  of  a  copper 
plated  carbon  is  greater  than  that  of  an  unplated  carbon  of  the 
same  diameter  and  type,  the  mean  spherical  efficiency  appears 
to  be  the  same  for  both. 

Two  sets  of  pencils  of  the  brand  (B),  the  one  unplated  and  the 
other  plated,  were  burned  to  ascertain  this  relation.  The  resulta 
show  that  the  horizontal  and  the  maximum  efficiency  of  the 
copper-plated  carbons  were  a  little  greater  than  those  of  the 
nncoated  pencils  respectively,  and  the  mean  spherical  efficiency 
in  the  latter  case  was  very  slightly  less  than  in  the  former.  As 
can  be  seen  from  Table  16,  the  life  of  the  "  positive  "  plated  pen- 
cil (12''  long)  was  10.64  hours,  while  that  of  Ihe  naked  carbon 
was  9.16  hours,  the  current  and  p.  d.  having  been  the  same  for 
both  cases. 

No  positive  explanation  of  this  phenomenon  has  yet  been  given 
but  it  appears  that  the  actual  amount  of  combustion  in  both  cases 
is  the  same  while  the  disvntegration  caused  by  the  passage  of  the 
current  is  greater  in  the  case  of  the  unplated  carbon. 

Candle  Poweb  Measurements. 

The  candle-power  measurements  consisted  chiefly  in  the  deter- 
mination of  the  hemi-spherical  candle-power  of  the  different 
pencils  and  from  this  quantity,  the  watts  per  spherical  candle- 
power  produced. 

The  runs,  were  made  under  the  same  conditions  as  in  the 
efficiency  tests.  For  high  tension  carbons  current  —  9  amperes 
and  p.  D.  —  45  volts.  For  low  tension  pencils,  current  =  21.5 
amperes  and  p.  d.  —  30  volts. 

To  ascertain  the  candle-powers,  the  method  of  the  Franklin 


>  H.  Nakano. 
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Institute  Committee  was  used.^  The  photometric  apparatus  was 
somewhat  diflferent  in  detail  from  that  ordinarily  used  in  measuring 
the  candle-power  of  incandescent  lamps  and  deserves  a  brief 
description. 

The  arc-lamp  was  suspended  from  an  arm  which  could  be 
rotated  about  an  axis  parallel  to  the  photometer  bar  and  vertically 
above  it.  By  manipulating  a  rope  connected  with  the  arm,  the 
latter  could  be  raised  until  it  was  at  right  angles  with  the  photo- 
meter-bar, or  lowered  until  it  was  horizontal.  The  arm  being 
horizontal,  the  lamp  was  hung  from  its  extremity  so  that  the  arc 
was  on  a  level  with  the  center  of  the  photometer-disc.  It  will  be 
seen  that  when  the  arm  was  pulled  up,  the  arc  described  a  ver- 
tical circle,  the  axis  of  which  was  a  line  parallel  to  the 
photometer-bar  and  passing  through  the  center  of  the  disc.  The 
centre  of  the  vertical  circle  was  at  the  point  (800)  of  a  scale 
graduated  into  (1,000)  divisions,  and  the  radius  equal  to  the  length 
of  (200)  scale  divisions. 

At  the  zero  of  the  scale  was  placed  a  Weston  incandescent 
lamp,  and  a  circular  mirror  of  silvered  glass,  the  axis  of  which 
was  horizontal  and  inclined  45^  to  the  reflecting  surface,  was 
mounted  on  the  bar  so  that  its  centre  coincided  exactly  with  the 
800th  division  of  the  scale.  Thus  the  distance  between  the  arc- 
lamp  and  the  mirror  was  rendered  constant  for  all  elevations  of 
the  former,  and  when  the  mirror  reflected  the  light  of  the  lamp 
upon  the  disc,  the  angles  of  incidence  and  reflection  were  always 
equal  to  45®.  The  virtual  image  of  the  arc  under  these  circum- 
stances was  at  the  1000th  division  of  the  scale.  The  Weston 
lamp  was  used  as  a  secondary  standard  and  maintained  by  a 
storage  battery  throughout  the  runs  at  115  volts;  its  candle- 
power  was  ascertained  before  and  after  the  tests  by  comparing  it 
with  a  standard  Methven  "  Board  of  Trade"  2  c.  p.  slit. 

Photometer  readings  were  made  as  in  the  case  of  the  efficiency 
tests,  at  0®  and  at  10®,  20^,  30®,  40^,  50®,  and  60®,  below  the 
horizontal,  the  mean  of  twenty  observations  being  taken  for  each 
elevation.  These  measurements  were  multiplied  by  the  candle- 
power  of  the  secondary  standard  and  corrected  for  absorption 
of  light  by  the  mirror. 

Tables  17-23  gives  the  corrected  data,  which  form  the  basis 
of  the  candle-power,  curves  (Figs.  24  and  25).     Distances  mea- 

^Reports ;  International  Electrical  Exhibition  of  Franklin  Inst.  1884.  Group 
B,  Sections  V  and  VIII. 
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sured  along  the  radii  from  the  origin  to  each  curve,  give  the 
candle-power  for  the  various  angles.  The  mean  spherical  candle 
power  for  any  case  is  measured  by  the  radius  of  a  semi-circle 
whose  arc  is  equal  to  the  area  of  the  c.  p.  curve. 

CANDLE  POWER  MEASUREMENTS. 


TABLE  17. 

TABLE  18. 

TABLE  19. 

'      TABLE  20. 

Carbon  A ;  molded 
high  tension. 

Carbon  B ;  molded 
high  tension. -^ 

Carbon  D :   forced 
high  tension. 

.Carbon  E ;  molded 
high  tension. 

Angle. 

Candle- 
power. 

1  Angle. 

Candle- 
power. 

Angle. 

Candle- 
power. 

Angle. 

Candle- 
power. 

0° 

221.3 

0°  • 

882.2 

(»■= 

210.5 

i 

0°       '    227.3 

10° 

474.1 

10° 

688.4 

10^ 

407.4 

10° 

288.8 

20° 

718.1 

20° 

9C8.4 

20" 

687.4 

1    20° 

429.9 

30" 

979.2 

30° 

1118. 

80° 

977.1 

30° 

722.2 

40^ 

1053.0 

!    40°       1  1181. 

40° 

1079.0 

;  40° 

957.2 

50° 

928.6 

w 

749.3 

50° 

1140. 

1  ^^° 

1080.0 

60° 

870.7 

60° 

579.8 

60° 

595.7 

1 

60° 

414.0 

TABLE  21. 

TABJ 

LE  22. 

TABLE  23. 

Carbon  K ;  forced  high 
tension. 

1    Carbon  A 
!                ten 

forced  Ic 
sion. 

>w 

Carbon  B ;  molded  low 
tension. 

A-^'e.    ^x^: 

Angle     1 

Candle 
power. 

Angle. 

Candle- 
power. 

0°                221.7 

1 

0° 

598.7 

0 

475.4 

10° 

288. 

10° 

712.1 

10 

593.7 

20° 

350.1 

20° 

86  .8 

20 

^ 

720.9 

30° 

558.9 

80° 

1094. 

80 

o 

871.3 

40° 

6i6.3 

40° 

1188. 

40 

o 

866.6 

50° 

630.7 

50^ 

682.2 

50 

o 

528.4 

60° 

235.5 

60°, 

495.4 

60 

o 

854.8 

Although  great  care  was  taken  in  ascertaining  the  candle- 
powers,  the  difference  in  color  between  the  light  emitted  by  the 
arc  and  that  given  by  the  standard  was  so  marked  that  the  set- 
ting of  the  photometer-carriage  was  to  a  large  extent  a  matter  of 
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personal  judgment;  hence  the  meaeurements  given  cannot  be 
considered  as  absolute,  but  rather  as  relative  values. 

The  conclusions  drawn  from  the  eflSciency  curves  hold  gener- 
ally, as  will  be  seen  by  an  examination  of  Table  24,  for  the  candle 
power  curves.  From  the  latter  it  appears  that  the  efficiency  of 
low  tension  carbons,  and  especially  of  molded  low  tension 
pencils  is  comparatively  small.  While  the  efficiencies  of  molded 
high  tension  carbons  are  as  high  as  .953  and  .888  watts  per 
spherical  candle  or  783  and  840  candles  per  electrical  horse- 
power expended  in  the  lamp,  the  efficiencies  of  low  tension 
pencils  of  nearly  the  same  diameter  as  the  high  are  as  small  as 
1.255  and  1.612  watts  per  candle  or  594  and  502  candles  per 
electrical  horse-power. 

This  fact  is  not  brought  out  in  Table  16,  for  reference  to  the 
latter  shows  the  low  tension  pencils  to  have  a  rather  high  effici- 
ency, and  in  some  cases  considerably  higher  than  the  high  ten- 
sion carbons.  However,  when  the  energy  expended  in  the  lamp 
in  the  two  cases  respectively  is  taken  into  account,  the  explana- 
tion of  the  high  values  for  carbons  a  and  b  (Table  16,  low  ten- 
sion) is  apparent. 

TABLE  24. 
Candlb  Power  Mbasubemektb. 


Carbons. 


A  molded  high  ten. 

D  forced  high  ten. 
B  unplated  molded 
high  ten. 

E  molded  high  ten. 

E  forced  high  ten. 

A  forced  low  ten. 

B  molded  low  ten. 


as 


.508 
.467 
.458 
.533 
.522 
.500 
.498 


.208 

.187 


.251 
.072 
.071 


I 


9 

9 

9 

9 

9 
21.5 
21.5 


"I 


221 
210 
882 
227 
222 
594 
475 


1058 
1140 
1181 
1080 

626 
1188 

871 


1  • 

r 


456 
486 
626 
425 
288 
514 
400 


i: 


^ 


.771 

.953 

1.407 

1.255 

1.612 


840 
895 
967 
788 
581 
594 
502 


Carbon  b  (molded  high  ten.,  Table  24},  it  will  be  noted  has  the 
highest  efficiency  of  the  group.     This  is  due  largely  to  the  fact 
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that  its  diameter  is  smaller  than  that  of  any  of  the  others,  for 
*'  the  candle-power  varies  inversely  as  the  diameter."^ 

Similarly  the  relatively  high  candle-power  of  carbon  d  is  ac- 
counted for  by  the  small  diameter  of  the  pencil.  In  Table  24  and 
the  candle-power  curves,  we  again  note  the  comparatively  small 
efficiency  oi  forced  high  tension  carbons. 

The  efficiency  of  carbon  a.,  (molded  high  tension,  Table  16),  as 

,  ,       I  luminous  radiadion  )    .  ,  xi_     xi_  i.   j?      i. 

measured  by   -j  —       ,  ^.    . r  is  larger  than  that  of  carbon 

D ;  yet  the  mean  spherical  candle  power  of  the  latter  is  greater 
than  that  of  the  former  (^Table  24).  The  explanation  of  this 
phenomenon  (assuming  the  measurements  to  be  correct)  probably 
lies  in  the  difference  in  the  quality  of  the  light  emitted.' 

In  some  instances  it  is  desirable  to  ascertain  the  mean  spherical 
candle-power  of  a  lamp  approximately,  without  taking  the  time 
to  integrate  the  curve. 

The  formula  given  by  M.  Gerard,  namely,  "  spherical  c.  p.  = 

i  horizontal  c.  p.  +  i  maximum  c.  p."*  is  of  sufficient  exactitude 

for  practical  purposes.     Gerard  gives  the  following  table  showing 

*  the  observed  and  calculated  spherical  candle-powers  for  seven 

lamps. 

TABLE  25. 

Gf  bard's  MBA8URBME17T8  OF  CaITDLB  PoWBR. 


Lamps. 

Horizontal  c.  p. 

Maximum  c.  p. 

Spherical  c.  p. 
calculated. 

Spherical  c.  p. 
observed. 

No.  1 

250 

1464 

491 

470 

"    2 

466 

8250 

1040 

1145 

"    3 

560 

8071 

1048 

1221 

"    4 

744 

1227 

679 

692 

'■    6 

122 

840 

271 

274 

'*    6 

586 

2100 

818 

802 

"    7 

985 

1150 

755 

767 

'  M.  Schreihage :  Centralblatt  fOr  Elektrotechnik,  No.  22, 1888. 

'The  reader  is  referred  in  this  connection  to.  ''A  Spectrophotometric  Compar- 
ison of  Artificial  Sources  of  Illumination."  Paper  by  Edward  L.  Nichols  and 
W.  S.  Franklin,  read  before  A.  A.  A.  S.  at  Cleveland.  August,  1888. 

*M  Gherard :  Candle  Power  of  Arc  Lamps -.—Centralblatt  fQr  Elektrotechnik, 
also  N.  Y.  Flee.  World,  Jan.  25th,  1890. 
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Taking  the  whole  number  of  lamps,  the  average  error  is  only 
five  per  cent.  "  The  angle  of  maximum  intensity  was  about 
45^  usually,  but  in  some  cases  it  approached  that  of  30*^  or  60^ 
from  the  horizontal." 

Data  collected  from  various  sources,  including  the  tests  of  the 
Franklin  Institute  Committee  in  1884,  are  given  in  Table  26. 
From  the  horizontal  and  maximum  candle-powers,  the  mean 
spherical  was  calculated  by  Gerard's  law.  Comparison  with  the 
observed  candle-powers  shows  that  in  some  cases  the  error  is  less 
than  one  per  cent.  The  mean  error  is,  however,  larger  than  that 
obtained  by  Gerard,  and  reaches  about  9|  per  cent.  Hence  as 
was  stated  before,  the  law  is  valueless  except  in  cases  of  rough 
approximation. 

TABLE  26. 
Candle-Power  Calculations,  using  G£:rard8*  Law. 


J 

& 

«'2 

Lamps. 

1 

o 

Spherical 
observi 

Authority. 

Weston 

844 

609 

848 

324 

B.  W.  Snow. 

i< 

299 

576 

295 

293 

M 

•' 

576 

1235 

640 

597 

- 

Brush 

818 

1895 

609 

504 

•  ( 

Ball 

283 

584 

.    240 

249 

Prof.  W.  A.  Anthony 

Brush  (1200  c.  p.) 

180 

617 

268 

244 

<( 

Brush  (2000  c.  p.) 
Van  Depoele 

(80  light) 
Van  Depoele 

(60  light) 

889 

'451 

888 

1880 
1877 
116^ 

658 
574 
470 

539 
569 
455 

Western  Elec 

268 

355 

186 

220 

*• 

Thomson-Houston. 

227 

1080 

425 

883 

L.  B.  Marks. 

- 

222 

626 

288 

267 

<« 

(t             (( 

382 

1181 

525 

474 

it 

Weston 

594 

1188 

514 

593 

- 

i( 

475 

871 

400 

486 

»< 
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Kef erence  has  been  made  to  the  fact  that  while  the  curye  for 

luminous  radiation  is  similar  to  that  of  candle-power,  the  curve 

for  total  radiation  differs  widely  from  the  latter.     As  the  effi- 

,         J            xi        X*    I   luminous  radiation )  .,   .      ,  . 
ciency  depends  upon  the  ratio  {  — i~T\ — ^*  x- f  it  is  plain 

that  Gerard's  law  will  not  hold  for  calculating  the  mean  spherical 
efficiency  from  the  horizontal  and  the  maximum.  But  again,  for 
approximations  a  similar  law  holds,  i.  e.y 

Spherical  efficiency=\  horiBont(U-\-i  maxiimmi. 
Although  the  topic  of  efficiencies  has  been  discussed  in  another 
part  of  the  article,  it  may  not  be  out  of  place  to  add  a  few  words 
here,  bearing  upon  the  law  in  question.  Measurements  of  hori- 
zontal, maximum  and  mean  spherical  efficiency,  made  by  Mr.  H. 
Nakano  and  by  the  writer,  are  given  in  Table  27,  and  the  last  law 
mentioned  applied  in  the  calculation  of  the  spherical  efficiency. 
In  some  cases  the  error  is  exceedingly  small  while  in  others  it  is 
comparatively  large;  the  mean  error  of  fourteen  tests  is  not 
quite  8  per  cent. 

TABLE  27. 
Obsbbvbd  and  Calculatbd  Bfficibkciss. 


Gabbon. 

Horizon 
Efflc. 

Max.  Efflc. 

Spherical 

^c. 
observed. 

Spherical 

Efflc. 
calculated. 

.833  inch. 

1M% 

9.00j8 

6.87j^ 

5.«W 

.568    " 

4.12^ 

14.41^ 

ll.OOj^ 

11.88j^ 

.500    " 

4M% 

17.885^ 

12.6W 

14.22jr 

.450    " 

5.48^ 

15.52j« 

18.80j^ 

is.oijr: 

.870    '• 

5.55j« 

17.50j« 

16.54;« 

14.51j^ 

.250    " 

8.44^ 

19.80^ 

le.eojt 

16.9W 

A  molded  high  ten. 

6.53jg 

16.21;jJ 

11.71;< 

13.53j^ 

D  forced 

4.42^ 

12.57;< 

lO.Olj^ 

10.58j^ 

B(unplated)  '* 

S.S9% 

13.52^ 

12.695^ 

12.87;g 

B  (plated)       " 

9M% 

13.69^ 

12. 72}^ 

12.76^ 

E  molded       " 

2.38^ 

11.05^ 

8.96^ 

8.87^ 

E  forced 

2.28^ 

8.95jg 

7.76j« 

7.29^ 

A  forced  low  ten. 

5.42jg 

18.51jg 

11.05^ 

12.68jr 

B  molded      •* 

5.69^ 

12.73;^ 

9.82jr 

10.965^ 

cdb  Ooo^l^ 
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Obsebyations  of  the  Abo  and  the  Cabbon-points. 

With  a  given  potential  difierence  between  the  terminak  of  the 
lamp,  the  length  of  the  arc  depends  upon  the  current  flowing, 
and  increased  as  the  current  becomes  greater.  If  the  current  be 
kept  constant,  the  length  of  the  arc  increases  with  the  p.  d. 

Data  given  in  Tables  28  and  29  show  the  length  of  the  arc  for 
both  cases. 

TABLE  28. 

LWOTH  OF  AbC  :    CONSTAHT  POTBHTIAL. 


Cabboh. 

Current 
amp. 

P.  D.  volte. 

Leneth  of  arc ; 
inches. 

B,  molded  high  tension. 

6 

60 

.087 

(«          (« 

7 

.114 

8 

.187 

9 

.147 

10 

.150 

11 

.164 

12 

.156 

18 

.167 

TABLE  80. 

LBKGTH  of  AbC  :    Ck)NBTANT  CuaBBNT. 


Cabbon. 

Current 
amp. 

P.  D.  VOltB. 

Len^  of  arc ; 
mches. 

B,  molded  high  tension. 

10 

40 

.078 

II           f( 

If 

45 

.095 

11                              (4 

11 

60 

.141 

11                              *• 

II 

55 

.186 

II                              11 

<i 

60 

.216 

In  order  to  measure  the  length  of  the  arc,  a  lens  was  so  mounted 
as  to  throw  the  magnified  image  of  the  former  upon  a  surface 
carrying  a  vertical  scale.  Then  after  measuring  the  distance  be- 
tween the  magnified  points  and  applying  the  prop^  reduction 
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factor,  an  additiye  correction  was  made  for  the  depth  of  the 
crater,  thus  giving  the  length  of  arc  from  the  tip  of  the  minos 
pencil  to  the  point  directly  above  in  the  center  of  the  crater  of 
the  plus. 

From  the  figures  (Tables  28  and  29),  it  seems  that  no  direct  re- 
lation exists  between  the  length  of  the  arc  and  the  current  and 
p.  D.  In  the  case  of  the  carbons  tested,  the  length  of  the  arc  with 
constant  potential  increased  very  rapidly  as  the  current  was 
changed  from  6  to  9  amperes,  and  then  gained  slowly  from  9  to 
13  amperes.  The  nature  of  the  change  was  somewhat  different 
in  the  constant  current  runs,  the  length  of  the  arc  increasing  more 
nearly  as  the  square  of  the  voltage. 

After  each  of  the  runs  noted  in  Tables  28  and  29,  the  carbon- 
points  were  examined,  and  it  was  found  that  the  latter  assumed 
particular  shapes  depending  upon  the 'current  and  p.  n.  used. 
Another  series  of  tests  were  made  with  carbons  c.  and  b.  (molded 
high  ten),  in  which  the  current  ranged  from  5  to  15  amperes,  the 
p.  D.  being  kept  constant  at  50  volts. 

Fig.  26  shows  the  form  of  the  points  with  different  currents. 
Nos.  1,  2  and  3  are  pencils  of  the  brand  o  and  4,  5,  6  and  7  of 
the  type  e.  The  photographs  of  the  carbons.  Fig.  27,  are  three- 
quarters  of  the  actual  size. 

Examining  the  first  three  pencils,  we  see  that  with  5  amperes, 
there  is  a  tendency  to  form  a  "  mushroom  "  on  the  lower  or 
negative  carbon ;  the  latter  is  eaten  away  considerably  just  below 
the  tip.  With  10  amperes  this  tendency  is  not  at  all  marked  and 
at  15,  almost  inappreciable. 

Glancing  at  the  upper  or  plus  carbons,  it  appears  that  the  smaller 
the  current,  the  more  nearly  does  the  positive  pencil  bum  to  a 
point,  that  is,  the  smaller  the  diameter  of  the  crater.  But  though 
the  width  of  the  crater  is  less  in  the  case  of  low  currents  than 
with  high,  the  depth  of  the  former  is  correspondingly  greater. 
The  photographs  do  not  bring  out  this  point,  but  an  inspection  of 
the  tip  of  the  lower  carbon  gives  a  clue  to  the  facts.  Note  that 
with  small  currents  the  negative  electrode  terminates  in  a  pointed, 
sometimes  globular  projection.  As  has  been  stated  before  this, 
tip  becomes  less  noticeable  with  increase  of  current,  a  fact  which 
is  brought  out  by  inspecting  Nos.  7.  6,  6  and  4  (Fig.  26.)  In  No. 
4,  burned  at  15  amperes,  the  end  of  the  lower  carbon  is  blunted ; 
the  depth  of  the  crater  in  the  upper  was  practically  zero.  In 
Nos.  5,  6  and  7  burned  at  12,  9  and  6  amperes  respectively,  the 
depth  of  the  crater  increases  as  the  current  diminishes^ibyGooglc 
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With  high  currents,  the  carbon  is  disintegrated  to  a  greater  dis- 
tance above  the  point  than  with  low. 

Fig.  27  shows  the  form  of  the  carbon  points  when  the  latter 
ar«  burned  with  constant  current— 10  amperes.  The  range  in 
p.  D.  was  from  40  to  60  volts. 

Just  as  the  peculiar  burning  of  the  tip  distinguishes  a  pencil 
fed  by  a  low  from  one  burned  at  a  high  current,  so  the  form  of 
the  carbon-point  differs  in  the  case  of  a  pencil  burned  with  low 
voltage  than  with  high.  In  Nos.  1,  2,  3,  4  and  5,  Fig.  27,  the 
gradual  change  in  the  formation,  from  a  sharp  projection  at  40 
volts  to  a  blunt  end  at  60  volts  is  noticeable. 

The  "  mushroom  "  which  invariably  forms  in  carbons  burned 
at  a  low  current  and  high  voltage,  is  absent  when  the  pencils  are 
burned  at  high  current  and  low  voltage  *  In  the  former  instance 
the  thin  neck  of  the  "  mushroom  "  often  breaks  thus  arresting 
the  current  and  extinguishing  the  arc.  In  the  latter  case  the 
end  of  the  carbon  is  prone  to  so  bum  away  as  to  leave  a  concave 
outline.     (See  No.  1,  Fig.  27.) 

At  40  volts  the  depth  of  the  crater  measured  .051  inch.  At 
60  volts  the  crater  disappeared  ;  the  carbons  also  ''  flamed  "  at 
this  high  voltage. 

With  a  given  current  there  is  for  every  brand  of  carbon  a 
certain  voltage,  above  which,  if  the  pencil  be  bumfed,  "flaming" 
will  result.  A  simple  trial  is  suflicient  to  determine  this  critical 
point.*  Again  there  is  a  voltage,  below  which,  if  the  carbon  be 
burned,  "  hissing  "  takes  place.  With  perfectly  centered  car- 
bons there  is  no  difficulty  in  ascertaining  the  latter  point. 

Careful  observation  of  the  arc  shows  that  when  the  tension  is 
too  high  for  a  given  carbon,  the  walls  of  the  crater  break  away, 
allowing  the  arc  to  play  on  the  outside  surface  of  the  carbon. 
This  action  is  always  accompanied  by  a  flame,  which  shoots  from 
the  negative  carbon.  On  placing  the  negative  pencil  above  and 
the  positive  below,  the  flame  shoots  down.  With  soft-cored  car- 
bons, well  centered,  one  cause  of  flaming, — namely,  liability  of 
the  arc  to  play  laterally, — is  obviated ;  and  if  the  pencils  be 
burned  with  the  proper  current  and  voltage,  there  seems  to  be 

^  When  the  carbon  is  impure  and  contains  a  large  amount  of  silica,  the 
latter  is  often  deposited  in  the  form  of  a  glass  bead  on  the  point  of  the  negative 
pencil.  The  *'  mushroom  "  alluded  to  in  the  text  does  not  refer  to  this  depo- 
sition. 

'  O.  G.  Pritchard  :  Electric  Arc  Light  Carbons.  London  Elec.  Mar.  21st  and 
Apr.  4th.  1890. 
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no  reason  why  this  disagreeable  feature  of  the  arc  lamp,  should 
DOt  be  entirely  overcome. 

There  is  not  so  much  liability  to  '•  hiss"  in  a  high  tension  sys- 
tem as  in  a  low,  for  front  the  formation  of  the  carbon-points 
when  the  pencils  are  burned  in  commercial  low  tension  lamps, 
it  appears  that  the  minus  carbon  terminates  in  a  small  mushroom- 
button.  The  breaking  of  this  pellicle  of  carbon  and  the  conse- 
quent action  of  the  lamp-mechanism  to  reduce  the  rise  in  poten- 
tial due  to  the  rupture,  invariably  result  in  the  "  hissing"  of  the 
arc. 

Most  of  the  irregularities  in  the  action  of  arc-lamps  probably 
result  more  from  the  unsuitableness  of  the  carbon  than  from 
defects  in  the  lamp-mechanism  or  changes  in  the  strength  of  the 
current  and  p.  d.  in  the  line. 

The  remedy  lies  with  the  carbon-manufacturer.  A  careful 
study  of  the  relation  between  the  microscopical  structure  of  the 
pencil  and  the  action  of  the  latter,  in  a  given  case  would  be  likely 
to  bear  fruitful  results.  Of  course  the  field  foV  experimentation 
is  large,  but  the  improvements  which  must  necessarily  follow 
conscientious  research  wjll  undoubtedly  be  of  great  scientific  as 
well  as  commercial  value. 

In  the  present  state  of  the  art  of  carbon-manufacture,  it  is  the 
central-station  manager  who  must  exercise  great  discrimination 
in  the  selection  of  arc-light  pencils  for  his  plant.  Mr.  E.  F. 
Peck  has  recently  shown  how  a  "  comparative  test  of  the  best 
known  carbons  in  the  market"  resulted  in  "  a  saving  of  64.73 
electrical  horse-power  in  a  station  burning  a  thousand  arc- 
lamps."^ 

But  there  is  no  reason  why  the  carbon-manufacturer,  given  the 
condition  of  a  lighting  system  as  regards  current,  tension,  re- 
quired light  and  life  of  pencils,  etc. — should  not  be  able  to  pro- 
duce a  carbon  specially  adapted  to  the  needs  of  that  system. 

When  the  root  of  existing  defects  is  thus  struck  at,  the  solution 
of  the  arc-light  carbon  problem  will  be  at  hand. 

The  experiments  published  in  this  paper  were  made  under  the 
direction  of  Professor  Edward  L.  Nichols,  in  the  laboratory  of 
Cornell  University.'  The  writer  is  indebted  to  Mr.  A.  B.  Levy, 
R.  G.,  for  valuable  assistance  in  the  work. 

*E.  P.  Peck  of  Brooklyn.  N.  Y. ;  Carbon  Tests,— paper  read  before  National 
Blec.  Light  Assoc'n  ;  Kansas  City  Convention,  Feb.  1890. 

Physical  Labratory  of  Cornell  University. 

Ithaca,  N.  Y.,May  1890.  Digitized  by  GoOglc 
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PRACTICAL  ASPECTS  OF  THE  ALTERNATING 
CURRENT  THEORY. 


BY  M.   I.   PUPIN,   PH.  D. 


The  title  of  this  paper  indicates  that  I  propose  to  consider  that 
part  of  the  alternating  current  theory  only  which  refers  to 
machinery  that  has  stood  the  test  of  practical  experience,  namely, 
the  alternator  and  the  transformer ;  the  telephone  is  only  a  speeial 
case  of  these  two  machines. 

That  yery  eminent  English  physicist,  Lord  Rayleigh,  remarked 
once  that  the  introduction  of  alternating  current  machinery  into 
commercial  use  would  have  the  salutory  effect  of  elevating  the 
ideas  of  electrical  engineers  above  the  mere  conceptions  of  volts 
and  amperes.  His  prophecy  has  been  fulfilled — sooner  perhaps 
than  he  expected.  The  true  electrical  engineer  of  to-day  is  just 
as  familiar  with  the  exact  meaning  of  impedenoey  coefficients  of 
self-mdiuntion  and  mutual  mductiorhy  difference  ofphaee^  static 
and  viscuous  hysteresis^  etc.,  as  he  was  with  volts  and  amperes  at 
the  time  when  that  severe  but  well  meant  remark  was  made  by 
Lord  Rayleigh.  There  may  be,  perhaps,  several  old  lessons  which 
he  has  yet  to  learn ;  if  so,  he  must  learn  them  from  teachers  of 
considerably  wider  experience  than  I  can  pretend  to  possess. 
Not  to  teach  the  subject  of  our  discussion,  but  to  analyze  it,  is  the 
object  of  this  paper. 

Every  one  of  us  knows  the  very  important  part  which  the 
theory  of  the  continuous,  steady  current  plays  in  the  construction 
and  running  of  the  continuous  current  machinery.  This  theory 
is  and  always  was  very  popular  with  the  electrical  engineer.  He 
never  looked  around  for  a  better  guide  in  his  practical  work.  It 
can  be  safely  assumed  that  this  popularity  of  the  theory  with 
practical  men  was  chiefly  due  to  the  fact  that  the  theory  is  very 
simple.    We  have  here  a  very  simple  and  well  established  funda- 
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mental  law,  the  Ohm's  law  namely,  and  most  of  the  other  relations 
of  which  this  theory  treats  are  deduced  from  this  law  by  simple 
algebraical  operations.  Simplicity  is  the  soul  of  truth,  compli- 
cated relations  are  always  suspected.  There  are  many  practical 
engineers  to-day  who  look  upon  the  theory  of  the  alternating 
current  with  considerable  suspicion.  It  seems  to  them  to  be 
too  complicated  and  artificial.  They  also  complain  of  a  lack 
of  suflBciently  well  defined  distinctions  between  fundamental  laws 
and  arbitrary  assumptions.  In  fact,  this  is  the  face  which  the 
alternating  current  theory,  such  as  given  in  most  of  our  text- 
books, presents  to  every  one  who  is  not  in  a  position  to  consider 
the  subject  critically  and  go  just  a  little  bit  beyond  the  badly 
selected  limits  of  some  of  our  standard  text  books.  There  is, 
therefore,  a  strong  disposition  on  the  part  of  some  engineers  to 
doubt  the  importance  which  others  attach  to  the  alternating 
current  theory.  If  the  following  discussion  should  succeed  in 
contributing  even  a  small  share  towards  the  work  which  must  be 
done  in  order  to  dispel  these  doubts,  I  shall  be  satisfied. 

The  features  of  the  alternating  current  theory  which  I  propose 
to  point  out  with  particular  emphasis  are  the  following : 

First  :  This  theory,  just  like  the  theory  of  the  steady  current, 
rests  on  a  very  simple  and  well  established  fundamental  law  of 
which  Ohm's  law  is  only  a  particular  case. 

Secondly  :  All  the  simple  relations  of  which  the  theory  treats 
are  deducible  from  this  fundamental  relation  by  easy  mathemati- 
cal operations. 

Thibdly  :  Problems  arising  in  the  practical  running  of  alter- 
nating current  machinery  are  readily  solved  by  considering  the 
modifications  which  the  exact  but  ideal  relations  of  the  theory 
must  undergo  under  conditions  which  we  meet  in  practice. 

Let  us  consider  a  magnetic  field  made  up  of  permanent  mag- 
nets,  electro  magnets,  closed  circuits  with  steady  or  variable  cur- 
rents fiowing  in  them ;  the  magnets  and  the  conductors  may  be 
at  rest  or  moving  in  any  continuous  manner  whatever.  Let  us 
next  fix  two  points  A  and  B  on  one  of  the  conductors. 

Let  now  ^  denote  the  electro-motive  force  in  AB  due  to  self- 
induction. 

Let  -filn  denote  the  electro-motive  force  in  ABdue  to  induction 
between  ABy  and  the  rest  of  the  field. 

Let  J^i  denote  an  electro-motive  force  impressed  upon  AB  in 
some  way  or  another. 
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Let  D  denote  the  drop  of  the  potential  between  A  and  B ;  then 
at  any  moment  we  have  (jEi)+(^m)+(-^)— (-^)- 

This  is  the  fundamental  law  of  the  alternating  current  theory. 
It  is  easily  seen  that  Ohm's  law  is  only  a  particular  case  of  this 
fundamental  relation.  I  have  enclosed  the  symbols  in  paren- 
thesis to  denote  that  the  absolute  sign  of  each  quantity  is  for  the 
present  left  undetermined. 

Just  as  the  laws  which  govern  the  motions  of  the  celestial 
bodies  are  all  deducible  from  the  single  Newtonian  law  of  gravi- 
tation, so  all  the  laws  governing  the  generation  and  the  distribu- 
tion of  alternating  current  energy  are  deducible  from  that  same 
fundamental  law.  The  historian  tell  us  that  it  took  Newton 
twenty  years  to  deduce  his  law  of  gravitation.  It  took  more 
tlian  one  Newton  to  establish  our  fundamental  law,  and  their 
labors  extended  over  a  period  of  more  than  thirty  years.  These 
Newtons  of  electricity  were  Ampere,  Faraday,  Lenz,  Joseph 
Henry,  F.  Neumann,  Helmholtz,  Thomson  and  Maxwell. 

A  short  critical  review  of  the  labors  which  led  to  the  final 
formulation  of  the  above  fundamental  law  will  not  be  out  of 
place  here. 

Oersted's  discovery  was  made  in  1820 ;  Ampere's  and  Arago's 
investigations  of  the  magnetic  properties  of  a  steady  electric 
current  were  brought  to  a  close  in  1823.  The  results  of  these 
investigations  were  embodied  in  the  great  work  of  Ampere: 
Theorie  des  Phemomenes  Electro-dyncmiique.  About  this  work 
immortal  Maxwell  speaks  as  follows :  "  The  whole,  theory  and 
experiment,  seems  as  if  it  had  leaped  full  grown  and  full  armed 
from  the  brain  of  the  Newton  of  electricity.  It  is  perfect  in 
form,  and  unassailable  in  accuracy,  and  it  is  summed  up  in  a 
formula  from  which  all  the  phenomena  may  be  deduced  and 
which  must  always  remain  the  fundamental  formula  of  electro- 
dynamics." The  fundamental  formula  to  which  Maxwell  refers 
is  the  well  known  differential  law  of  Ampere.  This  statement 
Maxwell  made  before  1873 ;  in  1874  Professor  Helmholtz  showed 
that  it  must  be  somewhat  modified ;  for  he  pointed  out  for  the 
first  time  that  several  other  fundamental  laws  lead  to  the  same 
integral  law  as  the  fundamental  formula  of  Ampere.  The  in- 
tegral law  is  the  well  known  law  which  expresses  the  equivalence 
between  a  simple  magnetic  shell  and  a  certain  steady  electric 
current.  This  integral  law  has  been  verified  by  all  experimental 
experience  of  the  last  seventy  years.    It  forms  the  basis  of  the 
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electro-magnetic  units  which  we  use  in  our  electrical  measure- 
ments. 

The  next  advance  was  made  by  Faraday  in  1831,  eight  years 
after  the  publication  of  Ampere's -discoveries,  and  a  gigantic 
advance  indeed  it  was.  If  we  consider  Faraday's  discoveries  in 
electro-magnetic  induction  from  the  stand-point  only  that  they 
supplied  the  electrical  science  of  his  day  with  additional  experi- 
mental facts  they  would  fall  very  short  indeed  of  the  importance 
which  is  to-day,  and  that  too  very  justly,  as  we  all  know,  attributed 
to  them.  It  is  the  experimental  method  and  the  scientific  reason- 
ing by  means  of  which  Faraday  arrived  at  his  brilliant  discover- 
ies, and  the  view  which  he  formed  of  the  new  phenomena  that 
raises  his  work  to  that  supreme  importance  to  which  among  all 
the  physical  investigations  of  this  century  one  only  can  aspire.  I 
refer,  of  course,  to  those  investigations  which  led  to  the  final 
formulation  of  the  Pri/nciple  of  Conservation  of  Energy, 

Faraday's  discoveries  found  immediate  appreciation  in  the 
scientific  world.  The  view,  however,  which  he  had  formed 
about  the  phenomena  discovered  by  himself,  made  but  a  feeble 
impression  upon  his  contemporaries.  It  was  too  novel,  and  the 
minds  of  the  physicists  of  his  time  were  strongly  polarized  by 
the  irresistible  mental  force  of  Ampere,  Poisson,  Green,  Gauss 
and  Weber.  At  that  time  Thomson  had  only  just  mastered  his 
a  b  c,  and  Mawell  was  born  in  the  same  year  in  which  Faraday 
published  his  first  investigations  on  electro-magnetic  induction. 

The  first  attempt  to  formulate  the  laws  which  underlie  all 
phenomena  of  electro-magnetic  induction  is  contained  in  Lenz's 
discovery  of  the  well-known  rule  that  the  direction  of  the 
currents  induced  in  a  conductor  which  moves  in  a  magnetic  field 
is  always  such  as  to  oppose  the  motion  which  produces  them. 
This  discovery  was  made  in  1834,  the  same  year  in  which  Faraday 
discovered  the  phenomena  of  self-induction.  Joseph  Henry's  in- 
vestigations on  induction  in  general  and  self-induction  in  par- 
ticular covered  the  period  between  1832  and  1840.  It  is  needless 
to  say  that  these  investigations  form  a  necessary  and  a  beautiful 
supplement  to  the  investigations  of  Faraday.  The  resolution 
passed  a  short  time  ago  by  the  American  Metrological  Society,  to 
the  effect  to  name  the  unit  of  eelf ^induction  after  Joseph  Henry 
is  very  appropriate  and  deserves  the  heartiest  support  of  all  elec- 
trical engineers.  The  final  mathematical  formulation  of  the  law 
of  what  is  to-day  called  mutual  ind^ju*ti<m  is  due  to  F.  Neumann, 
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and  is  contained  in  his  memoirs  submitted  to  the  Berlin  Academy 
in  1 845  and  1847.  It  was  soon  recognized  that,  since  self-induction 
is  only  a  special  case  of  mutual  induction,  that  the  mathematical 
form  of  the  fundamental  law  of  self-induction  must  neceesarilj 
be  a  modification  only  of  that  of  mutual  induction.  Marwell, 
therefore,  says  this  of  Neumann :  "  We  may  regard  F.  Neumann, 
therefore,  as  having  completed  for  the  induction  of  currents  the 
mathematical  treatment  which  Ampere  had  employed  for  their 
mechanical  action." 

This  statement  of  Maxwell  contains  more  than  one  is  apt  to 
get  from  it  at  a  glance.  In  Neumann  just  as  in  Ampere  the 
mathematician  predominates.  They  both  belong  to  that  school 
of  mathematical  physicists  whose  representatives  are  LaPlace, 
Poisson,  Green  and  Gauss.  Just  as  these  great  analysts  had 
deduced  most  of  the  laws  of  electrostatics  from  the  properties  of 
a  single  function,  the  potential  function,  so  Neumann  succeeds  in 
d3ducing  the  fundamental  laws  of  electro-magnetic  induction  from 
the  properties  of  a  single  function,  the  electro-dynainic  potenUal. 
But  neither  were  they  nor  was  he  at  that  time  aware  of  that 
perfectly  definite  physical  meaning  which  these  functions  enjoy 
to-day.  This  was  pointed  out  for  the  first  time  by  Helmholtz,  and 
later  on  also  by  Sir  William  Thomson,  the  discoverers  of  the 
Prinoiple  of  Conservation  of  Energy  (in  1847),  the  fundamental 
principle  and  the  infallible  test-stone  for  all  the  laws  of  physical 
sciences.  It  is  to  these  two  men  that  we  owe  the  introduction 
into  theoretical  physics  of  that  most  intelligible  of  all  physical 
quantities,  namely,  energy  and  work^  in  place  of  mathematical 
symbols.  With  them,  electrostatic  potential  of  Poisson,  Green, 
and  Gauss,  and  the  electro-dynamic  potential  of  Neumann  meant 
work;  induced  or  any  other  kind  of  current  was  simply  an 
evidence  that  some  sort  of  work  is  being  done  upon  the  conduc- 
tor. Their  investigations  extending  from  1847  to  1853  showed 
clearly  that  the  laws  of  electro-dynamic  induction  as  formulated 
by  Neumann  on  the  basis  of  Lenz's  discoveries  was  not  only  in 
full  harmony  with  the  Principle  of  Conservation  of  Energy,  but 
that  moreover  this  principle  enables  us  to  deduce  these  laws 
directly  from  the  discoveries  of  Oersted  and  Ampere.  This 
would  seem  to  indicate  that  Faraday's  discoveries  were  simply 
a  welcome  experimental  confirmation  of  the  laws  which  could 
have  been  deduced  independently  of  these  discoveries,  and  that 
they  were  therefore  not  essential  to  further  progress  of  the 
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electrical  science  at  the  time  of  Ampere.  Maxwell,  however, 
pointed  out  the  real  importance  of  Faraday's  work.  In  1856, 
only  two  years  after  he  had  graduated  from  the  University  of 
Cambridge,  with  the  highest  mathematical  honors,  appears  his 
first  research  on  Faraday's  lines  of  force,  and  in  1865  already 
appears  his  great  memoir,  entitled :  "  The  Dynamical  Theory  of  the 
Electro-Magnetic  Field."  In  these  researches,  and  especially  in 
his  great  treatise  on  Electricity  and  Magnetism,  Faraday's  dis- 
coveries, especially  those  on  Electro-Magnetic  Induction,  appear 
to  the  scientific  world  in  an  entirely  new  light.  It  is  on  the  basis 
of  these  discoveries  and  the  view  which  Faraday  had  formed  of 
them  that  Maxwell  formulates  the  most  general  statement  of  the 
laws  of  induction.  It  is  in  the  form  in  which  the  laws  of  electro- 
magnetic induction  were  first  stated  by  Maxwell  that  they  are 
generally  known  to  the  electrical  engineers.  This  form  not  only 
expresses  the  law  but  also  suggests  the  view  which  Farady  had 
formed  about  electro-magnetic  induction,  which  view,  as  we  all 
know,  has  led  to  some  of  the  greatest  discoveries  in  electricity 
during  the  last  25  years. 

The  fundamental  law  which  underlies  the  theory  of  the  alter- 
nator and  the  transformer,  is  a  convenient  statement  of  these  laws 
of  electro-magnetic  induction.  The  terms  employed  in  this  state- 
ment as  we  all  know,  bear  a  definite  relation  to  the  co-efficients  of 
self  and  mutual  induction,  and  these  again  depend  in  a  perfectly 
well  understood  manner  on  the  nature  of  the  substances  which 
form  our  magnetic  field. 

The  laws  of  dectro-Tnagnetic  induct/ion  ?ia/oe  been  verified  hy 
every  electrical  experiment  of  the  la^t  forty  years.  They  a/re  as 
true  as  am/  one  of  the  physical  laws  known  to  icsy  amd  we  see 
therefore  that  since  the  basis  of  the  alternating  ewrrenl  theory  is 
an  immediate  inference  from  the  general  laws  of  ded/ro-rruignetic 
i/ndtictiony  that  this  basis  is  as  firmly  estdbUshed  as  the  basis  of 
any  other  depa/rtm^ent  of  theoretical  sciences. 

Next  we  have  to  consider  some  of  the  most  important  conse- 
quences which  Jia/oe  been  deduced  from  the  above  fv/ndamiental 
relation.  Let  us  take  the  simplest  case ;  an  alternator  such  as  the 
one  used  by  Joubert  in  his  experiments.  No  iron  in  the  armature 
coils,  constant  strength  of  the  field  magnets,  constant  speed  of 
rotation.  If  the  poles  of  the  macliines  are  not  connected  we  get 
from  our  fundamental  relation  that  the  electro-motive  force  due 
to  mutual  induction  between  the  magnetic  field  and  the  armature 
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is  equal  to  the  impressed  electro-motive  force.  Simple  considera- 
tions lead  ns  at  once  to  the  conclusion  that  the  impressed  electro- 
motive force  is  a  sine  function  of  the  time,  its  maximum  value 
that  is  its  amplitude  depending  on  the  strength  of  the  field  mag- 
nets, the  speed  of  rotation  and  the  construction  of  the  armature 
coils. 

Let  us  now  connect  the  poles  by  a  non-self -inductive  resistance 
such  as  a  series  of  lamps.  A  simple  mathematical  operation 
gives  us  complete  account  of  the  current  generated.  It  is,  just 
like  the  impressed  electro-motive  force,  a  sine  function  of  the 
time,  but  its  phase  differs  from  that  of  the  impressed  e.  m.  f. 
by  an  angle  which  increases  with  frequency  and  self  induction, 
but  diminishes  with  resistance.  The  relation  between  the  cur- 
rent and  electro-motive  force  is  no  more  as  simple  as  that  given 
by  Ohm's  law.  Instead  of  the  resistance  we  have  the  impedence. 
In  fact,  as  the  reversals  increase  more  and  more  the  influence  of 
the  resistance  upon  the  growth  of  the  current  becomes  smaller 
and  smaller,  and  in  place  of  the  effect  of  the  resistanx^e  the  effect 
of  the  co-efficient  of  self-induction  forces  itself  into  prominence. 
The  total  electrical  energy  produced  in  a  unit  of  time  is  expressi- 
ble in  a  great  variety  of  ways.  In  terms  of  maximum  impressed 
electro-motive  force,  impedance  and  resistance ;  or  in  terms  of 
mean  current  and  mean  effective  electro-motive  force;  or  in 
terms  of  mean  current,  mean  impressed  electro-motive  force  and 
the  cosine  of  the  difference  in  phase,  or  again  in  terms  of  the 
square  roots  or  the  mean  squares  of  the  current,  and  of  the  im- 
pressed electro-motive  force. 

These  relations  between  the  total  electrical  energy  produced 
and  the  other  electrical  quantities  enable  us  to  construct  certain 
curves  which  suggest  easy  experimental  methods  of  testing  the 
truth  of  our  deductions.  These  experiments  were  carried  out  by 
Joubert  of  Paris,  Professor  Stefan  of  Vienna,  and  Esson  of 
England,  and  it  was  found  that  our  theoretical  inferences  were 
completely  verified.  For  full  references  consult  Sylvanus  Thom- 
son :  "  Dynamo  Electric  Machinery,"  an^  a  very  excellent  work 
of  Professor  Kittler,  "Handbuch  der  Electro-Technik,  Vol.  II., 
Part  1." 

This  perfect  agreement  between  theory  and  experiment  will 
surprise  no  one  who  is  acquainted  with  the  working  of  Hughes 
induction  balance,  with  experimental  methods  of  determining  the 
CO  efficients  of  self  and  mutual  induction,  and  with  the  beautiful 
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induction  experiments  of  our  learned  ex-President,  Professor 
Elihu  Thomson.  All  these  beautiful  experimental  designs  are 
also  inferences  from  our  fundamental  relation,  inferences  con- 
siderably more  ingenious  but  also  considerably  less  direct  than  the 
inferences  which  we  have  considered  in  the  simple  case  just 
discussed. 

We  next  consider  the  energy  which  is  available  in  the  external 
circuit.  This  is  the  part  of  the  energy  which  is  for  sale,  and  it  is 
well  to  inquire  what  means  we  have  in  determining  the  cost  of 
production  under  conditions  as  simple  as  the  above.  If  the  con- 
ductors through  which  we  send  our  current  to  the  consumers 
have  no  self-induction,  as  is  generally  the  case,  the  task  is  ex- 
tremely easy.  Simple  analytical  deductions  from  our  funda- 
mental law  suggest  the  watt-meter,  the  electrometer,  and  a 
variety  of  other  instruments  whose  indications  depend  either  on 
the  heating  or  on  the  magnetizing  effect  of  the  alternating  cur- 
rent. With  reference  to  this  point  we  can  consult  several  very 
excellent  works  like  Grey's  Electric  Measurements,  Ayrton  and 
Perry's  Practical  Electricity  and  Kittler's  Book. 

Our  methods  of  measurement  in  this  simple  case  are  exact  de- 
ductions from  an  exact  fundamental  law  and  can  be  made  in 
practice  as  exact  as  we  choose  to  make  them. 

With  reference  to  the  watt-meter  it  is  well  to  observe  that 
under  certain  conditions,  not  at  all  difficult  to  realize  in  practice, 
it  can  measure  the  output  of  a  machine  even  if  the  current  does 
not  follow  the  simple  sine  law.  With  regard  to  this  point  I 
refer  you  to  investigations  of  Professor  Stefen  of  Vienna,  pub- 
lished in  the  reports  of  the  Vienna  Electrical  Exhibition  in  1883. 

Let  us  now  make  the  next  important  step  in  our  discussion. 
We'll  consider  now  the  transformer  under  the  following  simple 
conditions :  There  are  no  Foucault  currents  nor  hysteresis  in  the 
core  of  the  transformer  and  the  relation  between  the  strength  of 
the  primary  current  and  the  mass  of  the  iron  core  is  such  that 
the  magnetization  of  the  latter  never  approaches  the  saturation 
point.  It  seems  desirable  to  work  out  this  case  analytically  and 
at  somewhat  greater  length. 

Let  L  be  the  co-efficient  of  self-induction  of  the  primary  coil. 
"   N    "  ''  "  ''      secondary  " 

"   J/"     '  "  mutual  induction. 

"   R     "        resistance  of  the  primary  coil. 
"   S      "  "  *'       secondary    coil   (both    external 

and  internal.)  r^  t 
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Let  X      "        current  of  the  primary  coil )    ,  . 

..  ,        ..   c  ^^  ^^7  moment. 

"   y      "  "  "       secondary  "    ^  "^ 

Our  fundamental  relation 

(^)+(^„)+(2>)-(^ 

will  now  be 

ux  dfj 

L  ,    '\-  M~  -\-  Rx  =  Eq  sin  ^izzt  for  the  primary  coil. 

^^  7/  +  -^  37-  +  >^=^  "        secondary " 

E^  is  the  amplitude  of  the  electromotive  force  impressed  by 
the  alternator  upon  the  poles  of  the  primary  coil  of  the  trans- 
former. 

Our  object  is  to  express  x  and  y  in  terms  of  the  known  quan- 
tities Z,  Mj  iV,  jB,  8  and  t.  We  proceed  in  exactly  the  same  way 
as  in  the  solution  of  simultaneous  equations  in  Algebra  We 
simply  eliminate  one  of  the  unknown  quantities,  either  x  or  y,  and 
obtain  a  single  equation  containing  only  the  other  unknown 
quantity.  Seeing  tliat  we  have  not  a  suflScient  number  of  equa- 
tions to  do  that  we  differentiate  again  and  obtain  two  more 
equations,  viz : — 

Z  §  +  Jf  ^f  +  i?  ^f  =  — 2.T3  E,  cos  2:12^. 
df  df    '        dt 

From  these  four  equations  we  eliminate  x  and  its  differential 
coefficients  and  obtain,  putting  ^ttz  =  p. 

(Z.V-JfO  '^  +  {LS+JVJi)'^£+IiSy  ^^-pE^Mcospt.  (1) 

This  relation  between  the  current  in  the  secondary  coil  and  the 
other  quantities  must  subsist  at  every  moment,  and  therefore  also 
when  t  =  0.     We  have  then 

(i.T-  M')  ['^>-]  +  (.LS+  NID  \^^]   +  JiS^). 

The  suffix  zero  along  the  parenthesis  denotes  that  the  value  of 
the  quantity  enclosed  in  the  parenthesis  is  to  be  taken  at  the  time 
zero. 

To  one  dealing  with  abstract  mathematical  symbols  equation 
(1)  would  present  considerably  serious  difficulties  of  working  out 
the  details  of  his  solution.  Bat  to  you  who  are  dealing  with 
physical  things,  and  to  whom  every  symbol  in  equation  (1)  pre- 
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sents  something  that  you  have  handled  for  years  and  years,  you 
can  put  down  the  solution  of  (-2)  at  once.     Here  it  is 

y  =-  J.2  sin  2/T  {zt  —  tp.^.  (3) 

The  only  thing  that  is  unknown  in  this  equation  yet  is  the  con- 
stant A'i,  It  is  evident  that  it  is  some  function  of  the  constants 
Z,  M^  ^y  Ry  Sy  E^y  p  and  t.  We  can  determine  it  from  equation 
(2)  as  we  shall  presently  see.  There  is  one  point  which  I  wish 
to  emphasize  particularly  at  this  stage  of  our  discussion,  and  that 
is  the  marked  difference  between  abstract  mathematical  opera- 
tions and  those  mathematical  operations  which  are  employed  in 
the  discussion  of  physical  problems.  The  abstract  mathematician 
is  necessarily  more  or  less  indifferent  to  the  physical  meaning  of 
his  symbols;  the  mathemathical  physicist  is  more  fortunate. 
The  physical  meaning  of  his  mathematical  symbols  makes  his 
mathematical  operations  comparatively  easy.  Let  our  example 
illustrate  this  feature  of  mathematical  physics. 

Consider  two  telephones ;  one  acting  as  a  receiver  and  the  other 
as  a  transmitter.  We  can  construct  and  connect  them  in  such  a 
way,  that  they  will  resemble  in  every  particular  our  example, 
namely  the  transformer  in  series  with  the  alternator.  In  the  case 
of  these  telephones  the  impressed  electromotive  force  is  a  har- 
monic function'  of  the  time,  the  same  harmonic  function  which 
describ.'S  the  motion  of  the  diaphragm  plate  of  the  transmitter. 
Now  since  in  the  receiving  telephone  we  hear  the  same  sound 
which  is  acting  upon  the  diaphragm  of  the  transmitter  we  con- 
clude that  the  induced  current  which  causes  the  vibrations  of 
the  diaphragm  of  the  receiver  is  the  same  harmonic  function  as 
the  impressed  e.  m.  f.  This  induced  current  corresponds  to  our 
current  y.  Therefore,  the  secondary  current  of  the  transformer 
is  the  same  function  of  time  as  the  impressed  e.  m.  f.  This  con- 
sideration enables  us  to  put  equation  (2)  down  without  going 
through  all  the  mathematical  steps  which  the  pure  mathematician 
would  have  been  obliged  to  make  before  arriving  at  that  equation. 

(Note: — If  the  e.  m.  f.  which  the  alternator  supplies  to  the 
transformer  had  been  of  the  form 

2*  A^  sin  27:znt  +  -  B^  cos  27:z7d. 
the  induced  current  would  evidently  be  of  the  form 

y  ,=  X  a^^  sin  2;r  {iizt  —  (f)  -\-  1  C^  cos  2r  {mt  —  <f) 
where  2'  a^  sin  ^irzut  stands  for 

«!  sin  27:zt  +  «2  ^^^  ^^^^  +  ^  sin  Cy-zt  -\ [-  a^  sin  ^znzt 

and  ffi,  a2, da  ^^g  constants  to  be  determined  in  the  same 
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way  as  we  are  presently  going  to  determine  our  constant  A^. 
The  same  remark  applies  to  tlie  other  summation  symbols.) 

The  determination  of  the  constants  A-i  and  tp^  is  a  simple  alge- 
braical operation.     From  (3)  we  have 

{y)o  —  —  ^2  sin  2;rf  2  f    1  ^^  ^^®  ""^'^ 


wn 


T 

4 


[^y^  ^p  A,  cos  1.^,  [|]  ==^y,  «'°  2=r^-> 

T 

and  therefore 

^j  j  Ip  {LN—  M)  —R'S]  sin  2^^,  +  />  (Z5  +  ^K) 

cos  2rf2i  ^-  pMEo 
or  JLj  I  a  sin  2-T^i  +  ?•  cos  "2~<fi\  =  pME^  from  (2,) 

A%  {a  cos  2;r^c!^  —  b  sin  2^'^^)  —  o  "     (2b) 

The  second  of  the  last  two  equations  gives  tan  2  ;:  f  j  =«  ,  = 

(f  o_i_  />   %rT rrom  the  first  we  get,  considenng  that 

a  „         _  6 

sin  t:  <fi  =— ^- — ,  cos  2  r:  tr>      -^r^       ., 

^  _  pMR 

a»  +  J»  =y  (Z'  N'—2  If*  L  N-\-  M*)  +  2p^  Ji  S  JU' +  IP 
S'+p'iZ^S^  +  Ii'  lY^ 
f  D  {S-'  +y  :r«)— 2y  3P  L  N^p''  M*  +  2?  (-S'' 
+y  iV^')  +  2y^xS'J/) 

...  „»  r^-^^'-^n  '(5'^+«'iv^')+  r^+^i-^'^-i 

(*9*+y  iT*)  (/A  ■■'  +  /'' Z,') 

Hence : 

Proceeding  in  exactly  the  same  way,  we  get  for  the  current  in 
the  primary  winding : 
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X  =  "        =zziT=r  sin  2  -  (zt  —  Ci) 

r 

Where  tan  2::  <fi  ^^^-^ 

JtCi 

This  gives  us  a  complete  analytical  solution  of  the  ideal  trans- 
former. We  can  assume  with  perfect  safety  that  the  number  of 
electrical  engineers  is  very  small  indeed  who  will  consider  the 
analytical  process  through  which  we  have  just  gone  through  as 
very  difficult,  and  yet  it  is  one  of  the  most  difficult  mathematical 
processes  which  we  meet  in  that  part  of  the  alteniating  current 
theory  which  I  proposed  to  discuss,  and  which  at  the  present  time 
is  of  immediate  interest  to  all  practical  engineers.  You  may, 
perhaps,  ask :  fiut  what  has  this  mathematical  analysis  to  do  with 
the  practical  aspects  of  the  alternating  current  theory  ?  Simply 
this  :  it  bears  upon  the  question  whether  the  alteniating  current 
theory  is  or  is  not  entirely  within  the  reach  of  most  of  the 
electrical  engineers,  and  this  question  is  of  eminently  practical 
importance. 

I  considered  the  mathematical  problem  of  the  ideal  transformer 
for  the  purpose  of  showing  that  its  consideration  does  not  involve 
any  difficult  mathematical  operations,  and  not  for  the  purpose  of 
establishing  and  discussing  the  well-known  relations  between  the 
various  quantities  which  we  just  obtained.  Any  further  consider- 
ation of  the  problem  seems  therefore  superfluous. 

The  question  of  the  efficiency  and  self-regulation  in  the  case  of 
a  transformer  of  this  kind  is,  as  we  all  know,  a  very  simple  one, 
and  can  be  answered  at  once  from  the  above  relations. 

The  third  point  which  I  proposed  to  consider  was  this  :  What 
are  the  modifications  which  must  be  introduced  into  the  relations 
80  far  obtained  in  order  that  our  calculations  should  cover  also 
conditions  under  which  the  alteftmator  and  the  transformer  are 
worked  in  practice. 

In  order  to  get  these  practical  conditions  we  have  to  drop  one 
by  one,  several  of  the  suppositions  on  which  our  calculations  so 
far  have  been  based.  The  first  of  the  suppositions  was  that  the 
effective  magnetic  field  of  our  alternator  was  a  simple  harmonic 
one ;  the  second  suppositon  was  that  the  armature  coils  contained 
no  iron.  The  immediate  consequence  of  the  removal  of  these 
two  suppositions  will  be  that  the  impressed  electro-motive  force 
of  the  alternator  will  no  longer  be  a  simple  sine  function  but  a 
more  complicated  harmonic  function  of  the  tinj^e..^.^^^he  same  if^ 
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true  of  the  current,  and  it  is  evident  from  the  remark  made 
above  in  connection  with  the  analytical  consideration  of  the  ideal 
transformer  that  the  current  will  be  expressible  by  a  harmonic 
function  of  the  same  form  as  that  for  the  impressed  electro-motive 
force.  Since  the  coefficients  of  induction  are  now  much  lai^r 
on  account  of  the  presence  of  iron  in  the  armature  coils  the 
differences  in  phase  between  impressed  electro-motive  force  and 
the  current  will  be  larger  than  without  iron  in  the  armature. 
Dropping  now  our  third  supposition  that  the  magnetic  permea- 
bility of  iron  is  a  constant  quantity  we  infer  that  since  for  higher 
magnetizations  this  coefficient  becomes  smaller,  that  the  difierences 
in  phase  will  be  smaller  than  calculated  for  constant  permeability. 
Dropping  finally  our  last  hypothesis,  namely,  that  there  are  no 
Foucault  currents  or  hysteresis  we  introduce  a  further  modifica- 
tion into  the  values  of  our  coefficient  of  induction  and  conse- 
quently also  into  the  difierences  of  phase.  The  same  remarks  ap- 
ply to  the  transformer  also.  In  what  direction  these  modifications 
will  effect  the  efficiency  of  our  machinery  is  a  question  familiar 
to  all  of  us.  A  complete  general  mathematical  treatment  of  the 
alternator  and  the  transformer  is  in  the  present  condition  of  our 
knowledge  of  the  magnetic  properties  of  iron  an  impossibility ; 
but  fortunately  for  us  such  a  treatment  would  also  be  more  or 
less  superfluous  for  practical  purposes.  Thanks  to  the  profound 
investigations  of  Rowland,  Hopkinson,  Ewing,  Wasburg,  Bidwell, 
and  others,  we  know  just  enough  of  the  magnetic  properties  of 
iron  to  enable  us  to  obtain  a  very  approximate  solution  of  the 
most  general  form  of  our  problem.  On  this  point  we  can  con- 
sult the  well  known  excellent  investigations  of  Blakesley  and 
Fleming  and  especially  of  Hopkinson,  Kapp'and  Ferraris.  The 
graphical  methods  of  Blakesley  and  Kapp  are  very  valuable. 
This  solution  of  the  general  problem  has  l>een  tested  experimen- 
tally by  Ferraris,  Hopkinson,  Ayrton  and  Perry  and  others  and 
found  to  give  a  satisfactory  account  of  the  phenomena  which  actu- 
ally take  place  in  the  practical  working  of  the  transformer.  The 
very  valuable  experimental  investigations  of  two  member  of  this 
Institute,  Dr.  L  Duncan  of  Johns  Hopkins  University,  and  Mr. 
Eyan  of  Cornell,  we  all  know  and  appreciate ;  they  aflEord  us  an 
excellent  illustration  of  a  fact  which  deserves  a  serious  considera- 
tion on  the  part  of  every  true  electrical  engineer,  and  that  fact  is 
that  electricians  whose  methods  of  investigation  show  a  perfect 
mastery  of  the  theory  can  design  and  carry  out  experiments  of 
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eminently  practical  nature.  The  secret  of  it  is  that  there  is 
actually  no  real  difference  between  the  theoretical  and  the  practical 
side  of  electricity. 

As  to  the  question  of  insulation  of  wires  carrying  high  tension 
alternating  currents,  well,  we  know  Sir  "W.  Thomson's  opinion  on 
this  point. 

All  these  considerations  which  I  could  only  point  out  here,  but 
whose  complete  discussion  can  be  easily  gadiered  from  the  cur- 
rent electrical  literature,  seems  to  me  to  justify  the  following 
conclusion :  The  generai/ion  and  di«tribtUion  of  altematmg  on/r- 
rent  energy  is  based  on  as  simple  a  theory  as  am/  other  form  of 
energy.  The  agreement  between  theory  amdpraoUcal  experience 
is  so  perfect  that  the  two  form  necessary  supplem^rUs  to  ea^h 
other,  No  difficulty  was  ever  met  in  practice  which  the  theory 
did  not  point  outy  and  no  diffi/yult/y  which  the  theory  cam,  point 
cntit  is  beyond  the  rea^h  of  sMUed  practical  engvneers.  There  is 
therefore  not  the  slightest  grovmd  on  which  objection  could  be 
he  raised  against  t/ie  comm^ercial  use  of  this  form  of  energy. 


The  Pbesidbnt  : — If  there  is  no  further  discussion  of  this,  we 
will  pass  to  the  next  paper:  "Magnetic  Data  of  the  Sprague 
Street  Car  Motor,"  by  II.  F.  Parshall,  of  New  York  City,  to  be 
read  by  Mr.  Crosby. 

(Mr.  Crosby  read  the  paper.) 
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MAGNETIC  DATA  OF  THE  SPRAGUE  STREET  CAR 

MOTOR. 


BY  H.  F.  PAK6HALL. 


Figures  giving  the  ratios  of  tbe  lines  of  force  through  various 
parts  of  the  magnetic  circuit  to  the  lines  of  force  through  the 
armature  have  occasionally  been  fully  published,  the  most 
noticeable  being  those  given  in  a  paper  by  Hopkinson  some 
years  ago.  These  ratios  vary  in  the  same  type  of  dynamo  or 
motor  with  any  change  of  proportion ;  or,  to  put  it  in  another 
way,  in  order  that  these  ratios  may  remain  constant  in  the  same 
type,  the  ratios  of  the  magnetizing  force  in  the  one  part  of  the 
magnetic  circuit  to  the  magnetizing  force  in  the  other  parts  must 
also  remain  constant. 

In  making  calculations  on  various  motors  made  by  the  Sprague 
Company,  I  have  found  it  necessary  to  confirm  the  assumed 
values  of  these  ratios  by  measurements.  It  is  the  object  of  this 
paper  to  give  the  results  of  the  measurements  made  on  the  street 
car  motor,  together  with  sufficient  description,  to  make  the  values 
found  of  some  use  to  those  engaged  in  similar  work.  If  I  had 
had  any  intention  of  publishing  these  results,  I  would  have  endeav- 
ored to  make  them,  in  some  ways,  more  complete  than  they  now 
are,  but  so  little  detailed  information  exists  on  this  subject,  I  have 
decided  to  give  the  result  of  my  work  up  to  date  on  this  particu- 
lar motor.  The  conditions  under  which  this  work  has  been 
carried  on  have  not  at  all  times  been  the  most  favorable  for 
accuracy,  but  in  the  main,  the  results  have  been  satisfactory. 

Plate  1  shows  the  various  peculiarities  of  the  magnetic  circuit, 
and  gives  dimensions  of  the  several  parts.  The  most  noticeable 
points  are : 

The  bell  mouthing  of  the  pole  pieces  shown  in  the  section  "  a 
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B  A."  This  bell  mouthing  greatly  lessens  the  sparking,  as  does 
also  cutting  away  of  the  tips  of  the  pole  pieces,  as  shown  in  "  a 
B."  With  these  modifications  the  brushes  can  be  shifted  an 
angle  of  20  degrees  without  serious  sparking. 

The  other  noticeable  points  are  the  cast-iron  side  brackets,  the 
width  of  the  yoke  and  its  comparative  thinness. 

The  method  of  getting  the  ratio  of  the  lines  of  force  in  one 
part  to  the  lines  of  force  in  another  was  the  usual  one.  Coils  of 
a  few  turns  were  wound  around  these  parts,  and  connected  to  a 
ballistic  galvanometer,  and  when  the  needle  was  standing  at 
zero,  a  known  magnetizing  force  was  suddenly  reversed. 

The  gal vanometer  used  was  an  Edelmann  with  a  heavy  ring 
form  of  needle  very  slightly  damped.  The  deflections  being 
small,  it  was  assumed  that  the  lirst  throw  was  proportional  to  the 
induction  through  the  measuring  coil.  The  magnetizing  coils 
were  those  commonly  used  on  this  motor. 

Each  coil  was  wound  approximately  to  a  depth  of  4  centimeters, 
and  along  the  cores  8.5  centimeters. 

Coils  were  as  follows : 

First.     Nearest  the  pole  piece  28  turns  per  layer,  11  layers. 

Second.     3 1  turns  per  layer,  11  layers. 

Third.     31  turns  per  layer,  13  layers. 

This  gives  2104  turns  for  both  cores,  or  with  a  current  of  6.75 
amperes,  which  was  used  throughout  a  magnetizing  force  of 
14200  ampere  turns. 

By  noticing  the  curves  in  Fig.  2  it  will  be  seen  that  this  is  the 
part  of  characteristic  upon  which  the  motor  is  most  frequently 
worked.  With  different  values  of  magnetizing  force,  different 
values  of  the  ratios  would  be  found.  This  becomes  evident  when 
we  remember  that  the  resistance  of  the  gap  remains  constant, 
while  the  resistance  of  the  iron  increases  with  the  magnetizing 
force.  For  this  reason  the  curves  of  magnetization  of  the  different 
parts  of  the  magnetic  circuit  are  not  given. 

The  measuring  coils  were  4  turns  of  wire  wound  around  the 
armature  core  at  e.  f.,  on  the  pole  piece  ;  at  a.  b.,  on  the  magnet 
core,  midway  between  the  ends  and  on  the  yoke  at  g.  h.,  had  it 
been  possible  a  coil  would  have  been  wound  around  both  the 
yoke  and  side  brackets. 
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The  following  values  were  found  : 

Lines  through  magnet  i    1  45 

Lines  through  armature  \ 

Lines  through  middle  of  yoke      I    i  c.7 
Lines  through  armature  j 

Lines  through  middle  pole  piece  /    ^  ^^^ 
Lines  through  armature  f 

Cast  iron  pole  pieces. 

Lines  through  magnet  /    ^  ^^ 

Lines  through  armature  f 

Lines  through  middle  of  yoke      f       ^^ 
Lines  through  armature  j 

Lines  through  middle  pole  pieces  [    /^  ^ 
Lines  through  armature  f 

The  effect  of  the  leakage  from  the  side  brackets  is  shown  in 
Fig.  2,  the  upper  curve  being  the  characteristic  with  them  re- 
moved, and  the  lower  curve  being  the  characteristic  with  brackets 
on.  The  dropping  of  the  curve  shows  the  magnet  cores  are 
sooner  saturated  with  the  brackets  on.  The  difference  is  small. 
It  would  be  somewhat  greater  did  not  the  brackets  reinforce 
the  yoke.  These  curves  were  first  obtained  by  separately 
exciting  the  fields,  and  taking  the  number  of  revolutions,  with  a 
driving  current  of  one  ampere  through  the  armature. 

The  lower  curve  has,  by  comparison,  been  found  to  be  a  close 
approximation  to  the  characteristic  when  the  armature  is  run 
with  currents  for  which  it  was  designed. 

Fig.  3  shows  the  characteristics  of  two  motors,  one  with  the 
wrought-iron  pole  piece,  and  the  other  with  the  cast-iron  pole 
piece,  the  gap  being  2.85  instead  of  3.2,  the  side  brackets  being 
on  in  each  case.  The  difference  between  these  two  character- 
istics is  somewhat  striking,  and  carries  its  own  lesson. 

I  wish  here  to  acknowledge  my  indebtedness  to  Mr.  G.  J. 
Scott  for  the  assistance  he  has  given  me  in  making  measure- 
ments. 

The  plate  shows  two  forms  of  pole  piece ;  one  has  a  full  line. 
This  is  the  cast  iron  ;  the  dotted  line  shows  the  wrought  iron  pole 
piece. 

Digitized  by  VjOOQIC 


224 


PARSE  ALL  ON  THE  8PRAGUB  CAR  MOTOR,       [May  21, 


.  10.      12.      U.      16.      IS.     gcT 
ikMPERE  TURNS  IN  TH0U8AND8 

Fig.  2 


?.8 

J   !    !    1 

-~ 

~~ 

1    1    1 

!■ 

-    !  1 

8J 

— r 

I 

1 

'        ' 

^'3' 

^^ 

J^ 

i 

t 

- 

i    1    ■ 

^K 

' 

T jLT^I 

-'^- 

1 

1 

m 

J^ 

1      ! 

A 

1    \/. 

J<^n 

2.7 

1 

s 

k^ 

y, 

.... 

- 

_L. 

- 

- 

1 

, 

<^ 

.-. 

~l    ! 

1 

U*" 

^  w 

' 

- 

1 

—"—I 

1  1  1 

,         ^. 

- 

- 

i 

/ 

f  i 

1 

2.0f  CMi 

.  GAP. 

1 

O     Jl.3 

/ 

"  1 

1 

1 

] 

J_ 

; 

1 

O     2.8 

O      a  i\ 

, 

/ 

/ 

1  ■ 

1 

- 

1        1 

- 

/ 

1 

1   1 

-U-1-. 

M       "^ 

S      /o 

--■ 

_ 

1 

hi 

'    1 

1     1 

- 

^     1.9 

7 

1 

T:  :J_;  M  1  : . 

-- 

- 

- 

-1     1-8 

/ 

/ 

, 

" 

1 

'  .L_1J 

»     !•' 

/ 

/ 

' 

- 

1    i    1 

i   1 

I 
! 

'^ 

- 

°  !•; 

^ 

r- 

,    1    i    '    ,        I    ' 

J     1.5 
-J     1  J 

!/ 

1            M        1    1 

»    o 

•  ;  ' 

1 

•    1    1    1    1    1    1    i 

- 

I  I 

! 
A( 

I 

i  M  1 

1  1 

1 

1       c 

HAF 

:ter!sJ;gs  OF  ^ 

lOTOR 

|W 

j\ 

H  WF 

01 

JGH1 

r 

o    1-1 

'     1 

[  AMD  CAST  ,;RbN  PpLETPl 

EC 

EC 

h     1.0 

1   1 

1 
1 

1     ' 

:  LI  1 

, 

3     0.9 
1     0.8 

- 

1 

■    1    1 

J 

1 

1 

1 

1    1    .    ' 

-t- 

C.7 

- 

1 

1 

1 

1      i      .      1 

1  i 

— 

0.5 
0.4 

■i  1  1  1  >  ■  1 

'      1       1 

•    i    i 

1 

1     ' 

T   ^    : 

- 

1     ' 

- 

- 

1 

1 

t 

1         ■     1 

0.3 
0J2 

1 
1 

1 

1 

' 

1  ;   ;  ■ 

,     ' 

1     1 

1 

; 

1 

1       M    ■ 

1 

r;  1  ^r]  ■  i 

,     1 

1. 

s. 

i.. 

l. 

5. 

6. 

7.1 

. 

0. 

LO.       3 

2. 

] 

A. 

16. 

1 

8. 

J 

0. 

2 

2. 

s 

t*. 

% 

AMPERE  TURNS  IN  Tt<C-US.Afil.D8.. 

Fig.  3 


Digitized  by 


Google 


1890.]  PARSUALL  ON  THE  SPRAQUE  CAR  MOTOR. 


DISCUSSION. 


Dr.  Louis  Bell  :  It  may  be  of  some  interest  to  know  of  the 
results  to  be  obtained  from  the  old  type  of  Sprague  motor.  I 
had  occasion  recently  to  make  tests  on  the  old  type  of  motor,  and 
in  that  case  the  ratio  between  the  number  of  lines  passing  through 
the  armature  and  those  in  the  field  magnet  was  1.65,  but  I  found 
it  was  not  a  fixed  quantity ;  that  is,  in  motors  taken  apart  and 
put  together  for  the  purpose  of  repairs.  I  doubt  very  much  that 
they  would  be  anywhere  near  constant  for  a  year's  service. 
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THE  INDUSTRIAL  UTILIZATION  OF  THE  COUNTER- 
ELECTROMOTIVE  FORCE  OF  SELF  INDUCTION. 


BY   THOMAS   D.    LOCKWOOD. 


It  may  as  well  be  confessed  at  the  outset  that  although  my 
production  has  cost  me  considerable  thought,  it  does  not  claim 
to  advance  any  original  ideas.  Its  claims  to  attention  are  based 
solely  upon  its  merits  as  a  chronicle.  There  seems  to  be  among 
the  modern  race  of  electricians  not  a  few  who  regard  that  species 
of  counter-electromotive  force  which  is  the  subject  of  this  paper, 
as  being  the  only  species  in  the  genus.  While  of  course  this  view 
is  erroneous,  it  is  easily  accounted  for  by  the  notorious  fact  that 
the  American  Electrician  as  a  class  has  little  time  to  study.  The 
fact,  however,  while  it  is  indeed  as  I  have  termed  it,  "notorious," 
is  still  to  be  deplored ;  for  it  is  certain  that  were  electricians 
fully  informed  not  only  of  the  researches  which  took  place 
before  their  own,  together  with  the  results  of  the  said  researches, 
whether  these  results  took  the  form  of  success  or  failure,  there 
would  be  much  less  valuable  time  wasted  in  supposed  original 
research  ;  there  would  be  far  fewer  valueless  inventions  pro- 
duced ;  and  there  would  be  a  much  smaller  amount  of  subsequent 
vexations  and  useless  litigation. 

While  counter-electromotive  force,  generally  speaking,  is  a 
genus ;  the  counter-electromotive  force  of  self-induction  is  a 
species,  and  while  an  illustration  of  this  statement  will  no  doubt 
to  most  of  us  be  an  operation  something  in  the  nature  of  carry- 
ing coals  to  Newcastle,  or  water  to  the  Mississippi  valley,  I  can- 
not believe  that  it  will  be  a  waste  of  time,  since  doubtless  we 
have  many  members  who  have  not  fully  considered  the  subject. 

Consider  for  a  moment  a  definition  of  electromotive  force. 
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What  shall  we  say  it  is  ?  It  certainly  is  not  a  natural  force  like 
gravitation,  and  I  do  not  think  we  can  do  better  than  concede 
that  we  call  it  a  force,  simply  because  it  is  convenient  so  to  do  ; 
and  define  it  as  any  agency  tending  to  set  up  that  form  of  motion 
or  vibration  which  we  call  electricity ;  or  if  you  please,  any 
agency  tending  to  the  manifestation  of  electricity. 

We  are  constantly  hearing  that  a  current  of  electricity  is  the 
result  of  a  difference  of  potential  between  two  points  connected 
by  a  conductor,  but  though  this  statement  through  constant  repe- 
tition has  come  to  be  as  it  were  "  human  nature's  daily  food  ;"  I 
am  inclined  to  consider  it  as  being  after  all  but  a  mathematical 
way  of  saying  that  a  current  of  electricity  is  the  necessary  result  of 
an  electromotive  force  provided  with  a  closed  conducting  circuit. 
For  it  is  the  electromotive  force  which  first  determines  the  dif- 
ference of  potential,  which  therefore  may  be  considered  as  being 
a  kind  of  initial  result.  Following  out  this  train  of  thought,  it  ap- 
pears then  that  electromotive  force  is  a  function  of  the  source  or 
instrumentality  which  develops  the  current,  and  expresses  the 
totality  of  difference  of  potential  in  the  entire  circuit ;  and  while 
we  may  properly  speak  of  the  difference  of  potential,  or  fall  of 
potential  between  any  two  points  on  the  circuit,  I  think  we  can 
not  with  equal  propriety  speak  of  the  e.  m.  f.,  in  any  other  way 
than  as  something  pertaining  to  the  source. 

And  further  consideration  of  the  same  idea,  shows  the  incor- 
rectness of  the  popular  phrase  often  used  of  late  years  even  by 
many  eminent  and  able  electricians,  "  a  current  of  so  many  voltSj^ 
the  electromotive  force  being  in  no  sense,  near  or  remote,  an  at- 
tribute of  the  current. 

To  run  counter  to  anything,  is  to  run  against  it,  to  run  in  op- 
position to ;  to  act  opposedly ;  and  so  a  "  counter  electromotive 
force  "  may  be  defined  as  any  agency  tending  to  develop  a  cur- 
rent of  electricity  in  a  circuit,  opposite  in  direction  to  that  of  the 
current  excited  therein  by  the  initial  electromotive  force. 

A  familiar  instance  is  that  of  connecting  up  in  an  electric  cir- 
cuit a  certain  number  of  cells  in  opposition  to  a  number  of  other 
cells.  This  constitutes  a  primary  counter-electromotive  force  and 
its  inclusion  in  the  circuit  reduces  the  current  in  two  ways ;  first 
by  reducing  the  acting  electromotive  force  to  a  value  equal  only 
to  the  algebraic  sum  of  two  opposing  forces ;  and  secondly  by 
adding  internal  resistance  of  the  value  of  the  cells  added  in  op- 
position. 
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Another  familiar  illustration  is  found  in  that  ingenious  class  of 
dynamo  regulator,  which  acts  by  causing  the  opposing  brushes 
to  creep  around  the  commutator  and  according  to  the  work  which 
is  being  done  in  the  external  circuit,  to  include  in  the  circuit  (by 
increasing  or  decreasing  the  lead  of  the  brushes,)  a  greater  or  less 
number  of  armature  coil  sections  exerting  an  electromotive  force 
in  opposition  to  the  electromotive  force  which  is  developing  the 
working  current. 

In  these  cases  a  utilization  is  made  of  counter-electromotive 
forces  deliberately  organized  for  the  purpose,  but  they  are  not 
counter-electromotive  forces  due  to  self-induction. 

At  a  very  early  period  in  the  history  of  voltaic  electricity  it 
was  discovered  that  there  was  some  deteriorating  force  at  work 
in  every  voltaic  battery  which  depreciated  the  current  to  a  much 
greater  extent  than  exhaustion  of  the  liquids  or  consumption  of 
the  solid  elements  could  account  for;  and  in  1801,  Gautherot 
found^  in  this  phenomenon  which  has  foolishly  been  called 
"  pDlarization,"  the  germ  of  the  secondary  cell.  He  discovered 
that  wires  of  platinum  or  of  silver  which  had  been  used  to  de- 
compose salt  water  acquired  a  power  of  themselves  yielding  a 
current  when  placed  in  acidulated  water  and  could  cause 
muscular  contractions  of  a  frog's  leg  and  produce  the  galvanic 
test.  And  subsequently  it  was  ascertained  that  the  operation  of 
a  voltaic  battery  tended  to  coat  the  negative  plate  with  hydrogen 
which  tended  to  set  up  a  counter-electromotive  force  between 
the  hydrogen  and  the  surface  of  said  plate,  which  thus  reduced 
the  available  energy  of  the  battery,  and  that  this  action  could  be 
transferred  to  the  electrodes  of  the  same  battery,  if  placed  in  a 
separate  decomposing  cell,  and  there  tended  to  form  electrically 
opposed  surfaces  which  could  themselves  be  used  to  develop  a 
current  in  a  direction  opposite  to  that  of  the  original  current. 
As  we  all  know,  this  operation  long  regarded  only  as  an  unmiti- 
tigated  evil,  is  now  utilized  in  the  formation  and  operation  of 
cells  adapted  for  the.  electrical  storage  of  energy. 

The  counter-electromotive  force  of  self-induction  distinct  from 
the  foregoing,  is  that  discovered  by  Professor  Henry ;  and  its 
most  important  use  is  that  which  has  been  mainly  brought  out 
in  association  with  the  employment  of  alternating  or  other  cur- 
rents for  the  purpose  of  regulation     By  reason  of  the  fact  that 

I,  See  Izarn's  Manual  du  Galvanisme,  Paris,  1804,  and  Phil.  Mag.,  1806,  Vol., 
XXIV.  p.  185. 
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this  utilization  has  proved  to  be  overwhelmingly  important,  the 
electrical  fraternity  has  partially  lost  sight  of  many  earlier  and 
contemporary  instances  of  the  useful  employment  of  self-induc- 
tive electromotive  force ;  which  is  indeed  a  close  analogue  in  its 
character,  mode  of  generation,  and  capabilities  of  use  in  regula- 
tion to  that  developed  and  utilized  in  the  operation  of  electro- 
motors. 

Firstly — I  desire  to  point  out  that  though  Henry  was  the  first 
to  study  and  discuss  self-induction,  he  was  not  the  first  to  notice 
its  effects. 

Until  quite  recently  I,  together  with  nearly  everyone  else,  had 
supposed  that  the  earliest  published  notice  of  this  phenomenon 
was  Henry's  account  *  of  his  observation,  published  in  1832 ;  but 
I  have  in  my  researches  on  the  subject,  dug  out  the  fact  that  this 
is  not  so.  I  find  that  an  experimentalist,  Vassali-Eandi  by  name, 
records  that '  with  a  pole  of  fifty  pairs  he  found  that  the  fiuid 
passed  along  a  copper  wire  plated  with  silver,  1,151  feet  in 
length,  in  a  time  incommAisurable  ;  the  shock  in  this  case  was 
three  times  as  strong  as  that  experienced  by  immediately  touch- 
ing the  two  extremities  of  the  pile. 

The  above  isolated  statement  of  facts  stands  I  believe  alone, 
and  there  is  no  record  that  it  led  to  further  research. 

Henry  on  the  contrary  perseveringly  pursued,  and  made  him- 
self master  of  the  subject ;  and  the  record  of  his  original  obser- 
vation, brief  though  it  is,  details  the  appearance  of  a  vivid  spark 
on  the  breaking  of  a  battery  circuit,  if  a  wire  thirty  or  forty  feet 
in  length  be  included  in  that  circuit ;  shows  that  the  effect  is  in- 
creased by  coiling  the  insulated  wire  into  a  helix  ;  and  that  the 
effect  depends  in  some  measure  on  the  length  and  thickness  of 
the  wire.  The  note  concludes  with  these  remarkable  words  "  I 
can  account  for  these  phenomena  only  by  supposing  the  long 
wire  to  become  charged  with  electricity  which  by  its  reaction  on 
itself  projects  a  spark  when  the  connection  is  broken." 

This,  though  brief,  is  then  the  first  analytical  notice  of  the 
electromotive  force  of  self-induction,  so  long  erroneously  denom 
inated  after  its  result,  the  "  extra  current." 

It  is  unfortunate  that  Prof.  Henry  did  not  for  some  time 
pursue  the  subject,  and  we  do  not  hear  from  him  again  until 
March,  1835. 

2.  Silliman's  American  Journal  of  Science,  July,  1832,  Vol.  XXII.  pp.  403-8. 
3.  Philosophical  Magazine,  Vol.  XV.  1803  ;  also  Phil.  Magazine,  Vol,  3,  4th  ser. 
^852,  p.  455.  Digitized  by  Google 
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Meanwhile  his  great  contemporary,  Faraday,  had  taken  it  up 
pursuant  to  an  observation  of  one  William  Jenkin,  and  showed 
self-induction  to  be  a  corollary  of  his  former  masterly  experimental 
researches  in  magneto-electro  induction. 

Faraday  notes  *  the  following  points :  "Self-induction  exists  in 
simply  helices  as  well  as  in  electro-magnets,  though  not  to  the 
same  degree. 

Helices  are  superior  in  developing  induction  to  straight  wires, 
and  long  wires  to  short  ones. 
A      Self-induction  practically  disappears  when   the  conductor  is 
I  permitted  to  inductively  act  upon  a  neighboring  closed  circuit. 
^     That  the  amount  of  self-induction  depends  on  the  length  oi 
wire  exposed  to  inductive  action. 

An  iron  core  within  helices,  much  exalts  the  action  of  self- 
induction. 

The  self-inductive  effect  depends  not  "  upon  a  permanent  state 
of  the  core,  but  on  a  change  of  state." 

Henry  now  again  takes  the  matter  and  in  a  consecutive  series 
of  papers,  practically  runs  it  to  earth. 

'In  a  paper  of  March,  1835,  he  gives  more  in  detail  some  of 
the  conditions  of  the  development  of  self-induction.  A  long 
wire  is  better  than  a  short  one ;  a  helix  better  than  a  straight 
wire  of  equal  length.  He  also  describes  a  shocking  coil,  and  also 
a  deflagration  coil  of  but  one  wire  in  which  self  induction  is  in- 
volved. 

*A  little  later  he  elucidates  the  origin  and  properties  of  self- 
induction  and  records  that  some  additional  energy  appeared  when 
iron  was  used  as  a  core,  but  not  much,  because  his  coils  were  flat 
and  not  elongated  helicons.  He  ascribes  all  of  these  effects  to 
dynamical  induction,  and  shows  that  in  a  coil  of  a  number  of 
convolutions  the  convolutions  act  inductively  on  each  other,  and 
inferentially  that  the  energy  of  the  self-induction  is  the  sum  of 
that  of  the  different  coils. 


4.  Experimental  Researches  in  Electricity,  Faraday,  1839,  Vol.  Ninth  series, 
p.  p.  332-343.  read  before  the  Royal  Society,  Jan'y  29,  1835.  A  scries  of  notes 
'*  The  Influence  by  Induction  of  an  electric  current  on  itself." 

5.  Journal  of  the  Franklin  Institute,  March,  1835.  Vol.,  XV.  pp.  169-170,  Silli- 
mans  American  Journal  of  Science,  July,  1836,  Vol.,  XXVIII,  pp.  327  and  331  and 
Scientific  Writings  of  J.  Henry,  VVashington,  Vol.  i,  pp.  87-91. 

6.  Transactions  American  Phil.  Soc,  X.  S.,  Vol.  V,  pp.  223-231,  reprinted  in 
Sci.  Writings,  J.  Henry,  Washington.  1886,  Vol.,  i,  pp.  92-100. 
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''In  a  third  paper  further  experiments  in  self-induction  or  with 
the  extra  current,  as  it  was  then  called,  are  discussed.  We  learn 
that  the  electromotive  force  of  any  self-induction  coil  within 
certain  limits  is  dependent  upon  the  length  of  the  coil. 

That  the  form  of  the  coil  has  considerable  influence  on  the  in- 
tensity of  the  action.  In  the  experiments  of  Dr.  Faraday,  a  long 
cyl  ndrical  coil  of  thick  copper  wire  inclosing  a  rod  of  soft  iron 
was  used. 

Tliis  form  produces  the  greatest  effect  when  magnetic  reaction 
is  employed. 

The  *'  extra  current "  of  self-induction  developed  in  a  coil,  is 
.controllable  by  the   presence  of  an   immediately   adjacent  in- 
dependent coil.     It  is  energetic  when  the  circuit  of  the  adjacent 
coil  is  open  but  absent  when  the  adjacent  circuit  is  closed." 

Of  course  it  is  impossible  in  this  paper  even  to  indicate  the 
many  good  things  which  are  spread  before  the  reader  of  the  re- . 
searches  of  both  Faraday  and  Henry.  They  are  well  worth  study, 
and  in  fact  they  laid  a  solid  foundation  for  the  work  which  is 
being  done  now. 

Both  discovery  and  invention  are  displayed  in  their  work, 
much  of  which  has  only  found  its  sphere  of  action  within  the  last 
four  years;  for  it  is  emphatically  true  as  has  been  said  by  Mr. 
W.  II.  Preece,  "that  though  we  are  accustomed  to  hear  that 
necessity  is  the  mother  of  invention,  the  child  is  as  a  matter  of 
fact  often  born  before  its  parent. 

As  is  frequently  the  case  with  electrical  discovery,  self-in- 
duction w^as  for  long  recognized,  that  is  for  the  most  part,  and  by 
the  generality  of  electricians  only  as  an  unwelcome  guest  whose 
parting  was  to  be  speeded. 

It  was  manifested  mainly  by  an  undesirable  spark  appearing 
upon  the  break  of  electric  circuits  in  telegraphic,  scientiiic  and 
medical  apparatus,  and  tending  to  burn  away  or  oxidize,  contact 
points ;  while  in  the  case  of  the  two  wire  induction  coils  its  effect 
was  to  reduce  the  spark  passing  between  the  terminals  of  the 
secondary  ;  and  many  have  been  the  expedients,  wise  and  other- 
wise, which  were  devised  for  its  banishment.  Many  of  these 
were   patented;   more   were   not;    inasmuch  as   the   fever   for 

7.  Transactions  of  American  Phil.  Soc.  Vol.  VI.  pp   303-337,  Nov.  2,  1838. 
Silliman's  American  Journal  of  Sience,  March,  1840,  Vol.  38,  pp.  209-243. 
Scient.  Writings  of  Joseph  Henry,  Washington,  1886,  Vol.  i,  p.  108. 
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patenting  everything  from  a  solar  system  to  a  thought  had  not 
then  come  into  fashion. 

Examples  of  this  class  of  expedient  are  respectively : 

British  Patent,  No.  12,772,  September  20, 1849,  granted  to  those 
old  heroes  of  electric  lighting  hi  story,  Staite  and  Petrie,  which  ha& 
for  its  18th  clause,  a  mode  of  "  preventing  the  spark  when  break- 
ing contact  in  galvanic  circuits.  A  thin  platinum  wire  may  still 
convey  some  portion  of  the  current  after  the  main  circuit  is 
broken,  or  a  series  of  sufficiently  long  conductors  may  break  con- 
tact one  after  the  other."  The  preferred  way,  in  plain  Englisli, 
was  to  connect  a  fine  wire  as  a  shunt  round  the  break,  and  thus 
to  furnish  a  closed  circuit  in  which  the  self-induction  circulated 
its  current  of  breaking. 

United  States  Patent,  No.  33,269,  granted  to  J.  E.  Smith, 
September  10,  1861,  for  a  means  of  preventing  the  spark  between 
the  local  points  of  a  relay  on  breaking  the  circuit ;  shunting  the 
break  by  a  wire  having  two  terminals  dipping  into  a  bottle  of 
water. 

Moreover  as  is  well-known  in  the  ordinary  induction  coil  the 
action  is  emphasized  by  shunting  the  primary  break  by  a  con- 
denser as  first  suggested  by  Fizeau^. 

This,  as  I  shall  point  out  later,  is  a  real  instance  of  the  in- 
dustrial utilization  of  self-induction. 

Other  early  investigators  in  this  line  reduced  the  spark  of 
breaking  the  circuit,  by  wire  shunts  also. 

Although  as  I  have  stated,  the  recognitions  of  self-induction 
were  mostly  recognitions  of  an  adversary,  there  were  one  or  two 
early  instances  where  the  enemy  was  subjugated,  and  made  to  ex- 
pend his  energy  usefully.  The  most  notable  instances  of  this  are 
the  single  wire  spark  coils  of  Page  and  Callan*  which  were  made 
especially  with  a  view  to  exalt  the  self-inductive  effects  and  with 
which  metals  were  fused,  and  electrolytes  were  decomposed. 

These  were  the  forerunners  of  the  spark  coils  used  at  the  pre- 
sent day  in  electric  gas  lighting  and  comprising  a  single  long 
coil  wound  to  a  suitable  length  upon  a  long  core  of  iron  wires 

There  can,  however,  be  no  doubt  that  the  principal  attempts  to 
make  useful  the  counter-electromotive  force  of  self-induction, 
and  likewise  the  principal  successes  achieved,  have  been  in  the 


8.  Comptes  Rendus.  Vol.  XXXVI.  p.  418,  1853. 

9.  Sturgeons  Annals,  Vol.  r,  pp.  290-302. 
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line  of  controlling,  regulating  or  modifying  the  original,  initiatory, 
or  primary  currents  from  which  it  has  been  developed. 

I  have  compared  this  to  the  transposition  of  a  given  number 
of  battery  cells. 

This  analogy  is  however  imperfect,  since  in  cells  of  battery  we 
may  for  the  sake  of  argument  regard  the  e.  m.  f.,  as  being  prac- 
tically constant.  Certainly  they  will  in  no  sense  regulate  them- 
selves in  accordance  with  conditions  automatically,  but  the  in- 
ductive resistance  will  do  this.  For  it  is  dependent  for  its 
efficiency  as  a  generator,  upon  the  strength  of  current  flowing 
through  it.  Therefore,  if  the  current  through  it  due  to  the 
impressed  electromotive  force  from  any  reason  falls,  the  counter- 
electromotive  force  will  also  diminish  and  thus  will  permit  a 
greater  amount  of  the  initial  force  to  act ;  or  in  other  words  will 
permit  the  impressed  energy  to  become  more  effective.  Suppose 
we  have  in  the  main  circuit  of  an  alternating  dynamo,  supplying 
a  number  of  incandescent  lamps  in  bridges  uniting  its  mains,  an 
adjustable  resistance;  and  suppose  the  inductive  resistance, 
which  we  may  also  regard  as  a  counter  e.  m.  f.  generator,  to  be 
initially  adjusted,  so  that  all  of  the  lamps  burn  brightly  ;  then  * 
within  limits  of  considerable  range,  the  current  will  be  kept 
steady  even  though  the  applied  k.  m.  f.  fall  or  rise,  or  though  the 
external  resistance  of  the  circuit  be  varied  by  lighting  or  extin- 
guishing lamps. 

For  if  lamp3  be  extinguished  and  their  branch  circuits  be 
ope:ie  J,  the  extsrnal  resistance  rises  and  the  current  falls.  It  is  true 
that  the  reduced  current  has  not  now  so  many  branches  to  divide 
through,  and  that  therefore  self-regulation  even  without  counter 
E.  M.  F.  might  be  expected,  but  in  systems  of  considerable  magni- 
tude it  is  not  found  to  act  practically,  as  well  as  it  theoretically 
should.  But  here  the  useful  effect  of  our  self-induction  regula- 
tion comes  into  play;  and  since  the  current  acting  upon  the 
regulator  is  lowered,  it  is  caused  to  develop  a  counter  e.  m.  f.  of 
less  value,  and  thus  to  oppose  less  energetically  the  applied 
E.  M.  F  ,  which  therefore  is  brought  to  a  greater  extent  into  sujtion, 
to  overcome  the  increased  resistance,  and  to  maintain  the  normal 
current  for  the  remaining  work.  So,  if  the  applied  potential 
falls,  the  current  in  consequence  falls  with  it,  and  the  counter 
E.  M.  F.  developed  falls  also,  and  enables  more  of  the  applied 
E.  M.  F.  to  come  into  action.  And  the  converse  is  true,  if  the 
current  in  the  circuit  from  any  other  cause  rises.     Such  an  ap- 
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pliance  would  be  still  more  convenient  iu  connection  with  an 
arrangement  of  arc  lamps  fed  by  alternating  currents,  and  con- 
nected up  in  parallel  circuit,  since  the  resistance  of  are  lamps 
would  constantly  be  changing. 

This  has  been  so  prominently  brought  before  us  by  its  most 
modern  employment,  namely  by  its  well-nigh  involuntary  use  in 
the  distribution  of  electricity  by  means  of  alternating  currents 
and  transformers  or  converters  having  their  primaries  connected 
in  pai-allel  between  the  two  mains  of  the  source ;  and  by  the 
inductive  resistance  regulating  device,  patented  by  John  Hop- 
kinson,  in  England,  August  3,  1881,  No.  3,362;  and  in  the 
United  States,  November  5,  1889,  No.  414,541,  that  many  per- 
sons have  actually  been  led  to  believe  that  such  use  is  really  a 
new  thing. 

The  employment  in  the  regulation  of  electrical  distribution,  of 
counter-electromotive  forces  set  up  by  the  working  currents 
themselves  and  proportioning  themselves  automatically  to  the 
work  being  done,  is  one  of  the  most  valuable  and  interesting 
features  of  modern  electrical  work ;  and,  though  such  regulation 
requires  to  be  supplemented  by  auxiliary  arrangements,  and 
though  the  belief  of  some  that  it  could  be  attained  absolutely 
without  any  waste  has  not  been  completely  realized,  still  by 
availing  ourselves  of  this  feature  we  are  enabled  to  control  elec- 
tricity with  a  facility  and  under  conditions  which  otherwise 
would  be  unattainable. 

The  Hopkinson  invention  consisted  in  associating  with  an  arc 
or  glow  electric  light  circuit  employing  alternating  currents,  a 
variable  inductive  resistance.  This  in  one  form  wis  made  by 
coiling  a  ribbon  of  thin  sheet  iron  into  a  ring  form,  the  different 
layers  being  separated  by  an  insulating  layer,  and  then  by  wind- 
ing a  number  of  coils  of  insulated  wire  on  this  ring,  their 
adjacent  ends  being  connected  with  plates  between  which  con- 
tact plugs  could  be  inserted,  so  that  any  number  of  the  coils 
could  be  introduced  or  cut  out  from  the  circuit.  Another  form 
embodied  the  same  principles,  but  had  not  a  closed  core.  This 
form  had  a  horse-shoe  core  made  of  an  electromagnet  formed  of 
layers  of  sheet  iron  insulated  from  each  other.  The  legs  of  the 
core  are  sorrounded  with  the  coils,  and  the  said  core  has  an  ar- 
mature also  made  of  insulated  layers  of  sheet  iron.  In  this  form 
the  armature  is  clamped  down;  but  the  regulability  of  the 
appliance  is  attained  by  moving  the  magnet  core  further  into  or 
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witlidrawing  to  a  greater  or  less  extent  from  the  surrounding 
coils.  The  form  first  described,  is  in  the  British  Patent  shown  as 
being  included  in  circuit,  with  the  two  mains  of  a  dynamo ;  incan- 
descing lamps  being  in  cross  bridges  between  the  said  mains : 
while  in  another  figure  arc  lamps  are  in  parallel  circuit  with 
mains,  an  inductive  resistance  being  included  in  each  branch  for 
each  lamp  and  acting  as  an  equalizer. 

The  iron  core  closed  on  itself  to  form  a  complete  magnetic 
ring  in  which  the  lines  of  force  are  concentrated  through  the 
coil,  and  forced  to  cut  all  convolutions  when  exposed  to  reversals ; 
the  laminations  at  right  angles  to  the  currents,  acting  to  facilitate 
magnetic  change,  to  diminish  hysteresis,  and  to  prevent  the 
circulation  of  eddy  currents ;  and  the  insulation  of  the  said  lamin- 
ations aiding  in  the  latter  function  ;  all  tend  to  show  that  this  is 
a  very  highly  organized  appliance  and  is  not  only  well  adapted 
to  Mj'oduce  a  very  high  degree  of  self-induction,  but  combines 
most  of  the  best  arrangements  tending  to  that  end,  and  it  is 
therefore  not  surprising  that  its  invention  and  use  made  a  strong 
impression  upon  the  electrical  mind,  and  caused  a  revival  of  the 
idea  that  regulation  on  these  lines  was  capable  of  being  accom- 
plished, to  use  the  words  of  the  patent,  '*  witliout  wasting  energy." 
AVithout  materially  wasting  energy  would  perhaps  be  more 
fltrictly  accurate,  for  by  its  use  a  small  amount  of  actual  resist- 
ance coil  is  enabled  to  do  the  work  of  a  very  much  larger 
amount. 

I  have  certainly  no  desire  to  detract  from  the  great  merit  of 
this  application,  but  an  honest  chronicler  ha^  no  choice  and  must 
say  what  has  been  done,  and  it  must  therefore  be  stated  that 
inductive  resistances  and  other  self-induction  appliances  had 
long  been  used  both  experimentally  and  commercially  ;  no  doubt 
often  with  but  an  imperfect  concei)tion  of  their  mode  of  opera- 
tion. 

"  Poggendorff's  researches  into  the  action  of  induction  coils 
disclose  a  reniai'kable  state  of  affairs  for  so  early  a  date  These 
show  that  one  induction  coil  was  employed  to  send  a  current 
through  the  secondary  helices  of  two  others.  The  first  coil  thus 
acted  as  an  alternating  generator,  and  the  two  others  as  inductive 
resistances. 


9-  Poggcndorff's  Annalen,  Vol.  XCIV.,  p  2  and   London  and   Edinburgh  and 
Dublin,  Phil.,  Magazine,  1855,  Vol   10,  4th  series,  p.  p.,  136-137. 
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The  primaries  of  two  induction  coils  were  connected  in  paral- 
lel and  also  in  series  at  different  times.  When,  to  quote  Pog^^eu- 
dorf' s  own  words :  "  Two  instruments  (induction  coils)  A  and  B, 
were  so  combined  that  the  current  traversed  the  two  primnry  coils 
one  after  the  other,  the  induction  coils  (secondaries)  however 
were  separated  and  A  was  allowed  to  give  sparks,  whilst  B  re- 
mained unclosed  and  without  a  soft  iron  core  ;  the  introduction 
of  the  latter  into  B,  weakened  the  sparks  of  A,  and  the  subse- 
quent metallic  closing  of  B  reproduced  their  former  strength." 

The  proper  arrangement  of  induction  coils  is  then  discussed 
and  whether  the  primaries  should  be  connected  in  series  or  in 
parallel  circuit.  It  is  shown  that  the  latter  way  is  the  proper 
one,  and  why.  Then  the  paper  goes  on  to  say,  "  With  respect  to 
the  cause  of  these  phenomena  it  is  no  doubt  to  be  sought  in  the 
extra  or  inner  induction  current.  The  outer  induction  current 
which  is  produced  by  breaking  the  inducing  current  has  the 
same  direction  as  the  latter;  whereas  the  extra  current,  which  is 
at  the  same  time  excited  in  the  induction  wire,  whose  tendency 
is  to  weaken  the  first  induction  current,  and  the  more  so  the 
stronger  th3  extra  current,  which  latter  is  especially  strengthened 
by  the  soft  iron  core. 

Conseciuently  when  the  primary  coils  of  A  and  B  are  con- 
nected one  aft3r  the  other,  it  is  clear  that  the  insertion  of  the 
soft  iron  core  into  that  of  B,  will  strengthen  the  extra  current 
in  that  of  A,  and  therefore  weaken  the  induction  current  of 
the  latter  instrument. 

By  connecting  the  instruments  side  by  side  a  closed  circle  is  at 
once  formed  by  them,  and  the  extra  current  produced  by  the  in- 
sertion of  the  soft  iron  core  into  B  acts  against  that  in  A,  and 
may  therefore  when  both  are  equal  completely  neutralize  it, 
when  the  outer  induction  current  of  A  will  necessarily  be 
strengthened. 

Without  the  circle  formed  by  this  combination,  i,  e.,  in  the 
wire  leading  back  to  the  voltaic  battery,  the  two  extra  currents 
act  of  course  in  the  same  direction  and  strengthen  one  another, 
in  consequence  of  which  the  sparks  at  the  current  breaker  are 
still  very  active." 

These  considerations  of  Poggendorff,  show  that  even  at  this 
early  period  a  great  flash  of  light  was  thrown  into  the  darkness 
which  hitherto  had  obscured  the  reactions  of  self-induction,  and 
though  we  have  largely  failed  to  use  that  light  until   quite  re- 
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cently,  this  is  chiefly  attributable  to  the  same  oft  recurring  reason, 
that  tliere  was  really  little  call  for  it;  hence  it  was  soon  hid 
under  the  bushel  of  the  results  of  research  on  other  subjects  of 
more  immediate  interest. 

The  statement  which  I  last  quoted,  brings  me  again  to  the 
application  by  Fiz  .-au  of  the  condenser  as  a  shunt  to  the  vibratory 
break,  and  to  its  operation. 

'^As  shown  by  Lord  Rayleigh,  the  condenser  operates  by  pro-^ 
ducing  electrical  oscillations  and  in  its  action  the  spark  at  the 
contact  breaker  is  greatly  decreased  and  the  spark  between  the 
secondary  terminals  greatly  magnified,  because  at  the  break  the 
condenser  is  virtually  an  inductive  reservoir,  being  an  electrosta- 
tic shunt.  And  being  an  electrostatic  shunt,  the  energy  it 
momentarily  absorbs  is  returned  reversely  to  the  primary  circuit, 
just  as  in  tho  discharge  of  a  secondary  cell,  and  increases  the  in- 
ductive variation  in  the  secondary  circuit  during  the  brief  period 
of  time  immediately  after  the  break.  And  as  the  electromotive 
force  in  tho  secondary  is  thus  exalted  it  is  not  difficult  to  see  why 
the  condenser  increases  the  sparking  distance. 

As  early  as  December  0,  1862,  a  patent  for  cable  working,  No. 
3,453,  was  taken  out  by  C.  F.  Varley,  which  describee  the  use  of 
a  self-induction  resistance.  This  patent  says,  "  A  second  circuit 
from  the  cable  to  the  earth  independent  of  the  receiving  instru- 
ment is  formed  by  means  of  a  resistance  coil  with  a  large  iron 
core.  It  may  be  advisable  to  connect  the  cable  to  earth  rhroupjh 
an  induction  coil  consisting  of  a  large  bundle  of  iron  wire,  sur- 
rounded by  a  long  length  of  fine  wire,  the  action  of  whicli  is  as 
follows :  On  reversing  the  battery  connections  the  ^'nduction 
plates  (condenser)  and  battery  combined,  send  a  short  impulse 
into  the  cable,  which  divides ;  one  portion  into  the  cable,  the 
other  through  the  induction  coil  to  the  earth.  At  the  first 
moment,  the  iron  of  the  core  opposes  the  passage  of  the  current, 
consequently  during  the  first  instant  of  time,  nearly  the  whole 
force  of  the  current  is  applied  to  the  cable.  As  the  iron  becomes 
magnetized  to  its  maximum,  this  opposition  ceases,  but  the  plates 
have  been  charged  in  the  opposite  direction,  and  there  is  no  longer 
any  current  passing  from  them  into  the  cable  to  maintain  the  mag- 
netization of  the  iron  ;  the  demagnetization  of  which,  induces  a 
current  in  the  coil,  and  discharges  the  cable.  In  this  way  each  im- 
pulse  is  followed  by  a  short  impulse  in  the  opposite  direction. 
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One  of  the  figures  of  the  patent,  shows  that  the  wires  of  the  core 
are  made  long,  and  are  turned  back  on  all  sides  over  the  wire  of 
the  coil,  so  as  to  entirely  encase  it.  This  feature  was  in  con- 
formity with  a  previous  British  Patent,  No.  3059  of  1856.  The 
arrangement  however  clearly  shows  a  use  of  a  self-induction  coil 
as  a  current  controller,  and  indicates  the  function  of  a  large  iron 
core. 

We  next  find  the  counter  e.  m.  f.  of  self-induction  coming  into 
use  in  connection  with  fast  telegraph  systems.  Arrangements 
for  its  use  are  shown  in  the  United  States  Patents  granted  to  Mr. 
Edison.  These  are  respectively,  No.  135,531  of  February  4, 
1873;  No.  141,773  of  August  12,1873  and  No.  147,313  of 
February  10,  1874. 

The  first  and  second  disclose  a  shunt  circuit  including  an 
electro-magnet  connected  round  the  receiving  instrument  of  a 
chemical  telegraph.  The  first,  also  shows  a  leak  to  earth  from 
the  line,  which  leak  includes  an  electro-magnet.  In  both  cases  the 
object  is  to  utilize  the  discharge  current  developed  by  the  electro- 
magnet in  the  regulation  of  the  operation  and  to  produce  sharp 
And  clear  signals. 

The  third,  describes  the  use  of  electro-magnets  in  shunt  circuits 
round  the  transmitting  and  receiving  instruments  of  an  automatic 
telegraph  system  and  is  said  to  be  an  improvement  on  the  first. 
A  number  of  electro-magnets  are  sliown  and  by  means  of  a  switch 
one  or  more  of  these  may  be  introduced.  In  other  words  the 
inductive  resistance  is  here  adjustable,  and  is  operated  by  breaks, 
not  by  reversals. 

British  Patent  No.  3,935,  Nov.  14,  1874,  to  Alexander  Melville 
Clark  for  a  chemical  copying  telegraph,  uses  induction  and  other 
coils  to  clear  a  line  by  the  self-inductive  counter  e.  m.  f.  By  the 
decrement  or  cessation  of  tlie  impulse,  (as  the  patent  states)  the 
strongest  depolarizing  effects  are  produced,  and  the  line  is  suc- 
cessfully cleared. 

Next  come  four  other  patents  to  Thos.  A.  Edison.  These  are 
U.  S.  Patent,  No.  168,2^8,  of  Sept.  28,  1875,  for  an  automatic 
telegraph.  This,  as  in  the  previous  cases,  employs  an  electro- 
magnetic shunt. 

U.  S.  Patent,  No.  168,3-5,  of  October  5,  1875,  Duplex  Tele- 
graph. This  is  an  excellent  example  of  self-inductive  regulation. 
The  counter  e.  m.  f.  is  developed  from  electro-magnets  in  a 
<3hanging  electric  circuit,  and  the  coils  have  cores  closed  on  them- 
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The  next  two,  No.  173,718,  of  February  22,  1876,  for  auto- 
matic telegraphy;  and  No.  178,221,  May  30,  1876;  Duplex 
Telegraphy  ;  involve  no  new  principles  and  are  like  the  preced- 
ing ones. 

"Much  information  regarding  the  subject  and  further  ex- 
amples of  its  practical  application  can  be  found  in  a  particularly 
able  paper  on  "  Shunts,"  read  by  William  H.  Preece,  before  the 
Society  of  Telegraph  Engineers  in  1887.  The  subject  of  the 
counter  e.  m.  f.  developed  in  electro-magnets  is  discussed,  and  the 
increase  of  the  same,  when  the  iron  core  is  endless,  is  deter- 
mined and  pointed  out ;  a  good  many  instances  of  the  practical 
uses  of  the  self-induction  shunt  are  described. 

XJ.  S.  Patent,  No.  207,724,  of  September  3,  1878 ;  granted  to 
Thos.  A.  Edison  for  a  Duplex  Telegraph,  shows  an  electro-mag- 
netic coil  and  closed  magnetic  circuit  core  placed  in  each  branch 
of  a  Wheatstone  Bridge  duplex  telegraph,  to  counteract  by  its 
counter  e.  m.  f.  of  self-induction  the  discharge  of  the  electro- 
magnets in  tho  bridge  circuit.  In  Culley's  Handbook  of  Prac- 
tical Telegraphy,  London,  1878,  p.  p.  303  to  304,  also  p.  p.  305 
and  411  the  regulation  of  currents  by  inductive  resistances  is 
considered. 

In  the  first  instance,  the  counter  e.  m.  f.  of  an  adjustable  series 
of  electro-magnetic  coils  is  used  to  delay  the  discharge  of  a  con- 
denser in  a  duplex  system.  This  is  closely  analogous  to  the 
function  of  the  Hopkinson  device,  and  is  very  suggestive.  The 
reference  on  page  305  states  that  "  static  discharge  can  be  entirely 
compensated  for  by  the  use  of  an  induction  coil,  or  a  series  of 
electro-magnets  instead  of  a  condenser." 

U.  S.  Patent,  No.  227,039,  of  April  27,  1880,  to  Muirhead  and 
Winter,  for  a  Quadruplex  Telegraph,  describes  electro-magnetic 
shunts  for  reversing  keys  and  relays,  which  are  to  counteract  by 
their  discharges  electrostatic  retardation.  The  specification  says, 
"  The  electro-magnets  may  be  of  the  well-known  closed  horse- 
shoe form,  or  they  may  consist  of  a  single  rod  of  soft  iron  with 
flanges  of  soft  iron  and  a  cylindrical  casing  of  iron  closing  over 
the  wire  and  connecting  magnetically  flange  with  flange. 

XJ.  S.  Patent  231,904,  September  7,  1880,  to  Joseph  E.  Fenn, 
Duplex  Telegraph,  uses  an  electro-magnetic  generator  of  counter 
E.  M.  f.  in  the  line  circuit  to  counteract  effects  of  discharge.  It 
is  made  with  a  closed  magnetic  circuit,  a  separate  coil  being  on 
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each  leg  of  a  multiple  pole  core  ;  several  of  thefte  poles  are  made 
with  yokes,  and  the  combined  yokes  can  be  made  magnetically 
continuous  or  discontinuous  at  will  by  means  of  iron  plugs  which 
can  unite  the  different  sections  of  core. 

A  book  published  in  18S0,  by  Louis  Schwendler,  and  entitled, 
*'  Instructions  for  testing  telegraph  lines,  and  the  Technical  Ar- 
rangements of  Circuits,"  Vol  2,  p.  p.  144-147,  gives  a  description 
of  an  electro-magnetic  shunt  and  its  operation.  It  is  made  like  an 
ordinary  electro-magnet,  but  has  an  adjustable  wedge-shaped 
armature  in  contact  with  the  cores.  This  of  course  operates  by 
utilizing  the  counter  e.  m.  f.  of  self-induction  which  develops 
currents  that  circulate  through  the  shunt,  and  sharpen  the 
signals. 

In  telephony  also,  as  in  other  fast  systems  employing  rhythmical 
currents,  the  counter  e.  m.  f.  has  by  no  means  been  idle.  As  in 
telegraphy  our  early  acquaintance  with  it.  was  an  unplea^^ant  one. 
Many  of  the  earlier  telephone  lincF  connected  with  a  number  of 
stations,  and  at  each  station  there  was  of  course  an  electro-magnet 
to  operate  the  call.  In  some  cases  this  was  a  telegraph  relay, 
and  in  otiier  cases  a  bell  magnet  But  in  either  case  it  was  found, 
as  indeed  might  have  been  anticipated,  that  the  telephone  cur- 
rents had  a  decided  repugnance  to  pass  through  the  intervening 
electro-magnets  on  their  way  from  one  station  to  the  other.  To 
quote  the  graphic  words  of  one  of  the  patentees  of  devices 
intended  as  remedies  for  this  trouble,  it  was  found  that  electro- 
magnets were  to  a  large  extent  ''  opaque  to  telephone  currents." 

Of  course  this  is  due  to  self  induction.  The  resistance  of  the 
line  or  the  magnet  coils  had  little  or  nothing  to  do  with  it.  The 
convolutions  however  had,  since  it  is  clear  that  the  electromotive 
force  of  the  self-induction  was  proportional  within  certain  limits 
to  the  number  of  convolutions. 

The  same  difficulty  appeared  also  in  exchange  work,  where 
between  any  two  connected  lines  was  interposed  an  annunciator, 
to  give  from  either  end  station  a  disconnecting  signal.  Several 
devices  have  been  suggested  for  the  removal  of  this  difficulty  and 
some  of  them  have  been  patented. 

Elisha  Gray  shunts  the  several  interposed  magnets  by  con 
densers :  vide  United  States  Patent,  203,264,  of  May  7,  1878. 

F.  W.  Jones,  attacking  the  same  difficulty,  shunts  the  interposed 
magnet  by  a  non-inductive  resistance  controlled  by  the  armature 
of  the  signaling  magnet.  See  United  States  Patents,  238,399,  of 
March  1,  1881,  and  238,912,  of  March  15,  1881.         r^^^^T^ 
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Other  devices  have  also  acted  to  shunt  the  bell  or  annunciator 
magnets  in  different  ways;  and  still  other  suggestions  have  been, 
to  surround  the  iron  core  with  a  brass  sleeve,  or  with  a  closed 
circuit  consisting  of  one  layer  of  insulated  wire  ;  but  these  last, 
while  certainly  reducing  the  retardation,  reduce  also  the  magnetic 
power  of  the  appliance.  And  there  is  no  remedy  so  effectual  as 
the  absence  of  the  interposed  electro-magnet. 

The  service  rendered  by  self-induction  in  telephony,  and  that 
which  still  may  be  expected,  fortunately  will  probably  outweigh 
the  ills  which  it  introduces.  In  many  switchboard  installations  for 
metallic  circuits,  the  supervising  telephones  are  looped  or  bridged 
across  between  the  two  conducting  links  which  unite  one  of  the 
two  metallic  circuits  with  the  other,  and  their  self-induction  pre- 
vents a  material  loss  of  current.  Where  from  some  condition  of 
the  service  such  for  example  as  the  requirement  of  supervising 
both  metallic  and  earth  return  circuits  at  the  same  switchboard 
it  sometimes  becomes  necessary  in  bridging  the  telephones  to  at- 
tach an  earth  branch  to  the  connecting  link  on  one  side  of  the  in- 
struments ;  in  this  case  it  has  also  been  found  necessary  in  prac- 
tice to  place  coils  containing  iron  cores  on  the  other  side  of  the 
earth  branch,  so  that  not  only  the  resistance  but  also  the  self-in- 
duction may  be  balanced. 

It  has  also  been  ascertained  that  many  telephones  can  at  dif- 
ferent stations  be  placed  across  from  one  wire  to  the  other  of  a 
metallic  circuit  without  any  perceptible  diminution  of  the  effect 
at  any  one  of  them.  This  is  one  of  the  most  important  results  of 
self-regulating  attribute  of  self-induction. 

Perhaps,  however,  the  most  valuable  instance  of  turning  an 
electrical  enemy  into  an  electrical  ally,  is  the  way  in  which  by 
the  proper  use,  construction  and  arrangement  of  electro-magnets, 
a  plurality  of  either  telephonic  or  partially  telephonic  and  partly 
telegraphic  messages  may  be  transmitted  over  the  same  circuit 
at  the  same  time. 

The  pioneer  in  this  kind  of  work  was  C.  F.  Varley,  who  as 
early  as  1870  took  out  a  patent,  No.  1,04-1:  in  England,  for  a  com- 
bined simultaneous  ordinary  Morse  and  harmonic  Morse  trans- 
mission over  the  same  wire ;  in  this  system  the  straight  Morse 
was  worked  through  electro-magnets,  while  the  harmonic  branches 
were  led  off  from  the  main  line  from  points  outside  of  the  elec- 
tro-magnets. 

Carrying  on  this  line  of  invention,  Mr.  Van  Rysselberghe  of 
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Belgium,  and  Dr.  Rosebnigh  of  Toronto,  Cana^la,  have  worked 
out  systemB  whereby  telegraphy  and  speaking  telephony  can  be 
at  tlie  same  time  operated  over  the  same  circuit. 

Since,  however,  there  is  enough  in  either  system  to  fill  np  a 
paper  devoted  to  them  exclusively,  and  since  this  paper  is  already 
too  long,  I  find  it  impossible  here  to  describe  them  in  detail,  re- 
serving this  possibly  for  some  futnre  occasion. 

Self-induction  has  also  been  caused  to  aid  in  eliminating  the 
disturbing  results  of  extraneous  induction  caused  by  parallel  cir 
cults,  as  in  the  United  States  Patent  of  Mr.  Edison,  No.  203,019, 
of  April  30,  1878,  where  a  telephone  circuit  is  freed  from  ex- 
ternal influences  by  combining  it  with  an  induction  coil  connected 
with  the  disturbing  circuits  in  such  a  manner  that  the  direct  dis- 
turbances received  in  virtue  of  the  parallelism  of  the  contiguous 
circuits  is  neutralized  by  an  equal  and  opposite  induction  re- 
ceived also  from  them  through  the  induction  coil.  This,  how- 
ever, is  not  a  practical  expedient. 

Closely  analogous  to  the  self-inductive  regulation  of  which  I 
have  been  speaking,  is  that  upon  which  the  efliciency  of  an 
electro-motor  depends.  This  was  first  observed  by  Jacobi^-  who 
says : 

"  Experimenting  on  the  magnetic  force  of  a  bar  of  soft  iron, 
I  sometimes  found  considerable  differences  for  which  I  could  in 
no  way  account.  I  was  curious  to  know  if  these  differences 
proceeded  from  the  nature  of  the  iron,  or  from  the  weakening 
of  the  electric  current  produced  by  a  voltaic  pair  of  half  a  foot 
square  of  surface.  For  this  reason,  I  placed  in  the  circuit,  a 
galvanometer  so  distant  as  not  to  be  affected  by  the  direct 
magnetism  of  the  bar.  I  was  much  astonished  to  see  the 
needle  recoil  on  placing  the  armature  and  advance  on  removing 
it,  for  it  was  the  first  time  I  had  known  the  double  quality  of 
the  connecting  wire,  viz.,  that  of  constructing  the  voltaic  current, 
and  at  the  same  time  representing  an  ordinary  wire  subject  to 
the  action  of  a  magnet  in  motion.  The  spiral  producing  a 
magnet  by  the  voltaic  current  is  at  the  same  time  a  magnetic 
electrical  spiral  in  which  a  magnet  is  placed. 

Hence  the  solution  of  the  uniform  velocity  of  the  magnetic 
machine.  For  being  set  in  motion  by  the  magnetizing  power  of 
a  voltaic  current  it  represents  simultaneously  an  apparatus  com- 
posed of  magnets  in  motion  and  capable  of  producing  a  magnetic 
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electrical  current  iu  a  direction  opposite  to  that  of  the  voltaic 
current.'^ 

Jacobi  in  a  subsequent  paper,  practically  elucidated  the  prin- 
ciples of  the  operation  of  counter  e.  m.  f.  in  electro  motors,  even 
as  now  understood,  although  he  possibly  did  not  state  them  as  we 
now  would.  But  he  clearly  showed  that  a  motor  may  be  regarded 
as  a  dynamp  acting  to  develop  an  electromotive  force,  opposite 
in  direction  to  that  acting  upon  it,  E.  That  the  resultant  force 
was  of  course  E-e,  and  that  this  together  with  the  resistance  of 
circuit  determine  the  strength  of  the  current.  That  the  motor 
utilizes  C  e  of  the  electrical  power  supplied  C  E ;  and  he  further- 
more showed  that  the  power  developed  by  the  motor  C  e,  is  at 
its  maximum  when  e  equals  one  half  E. 

It  may  be  thought  by  some  that  considering  the  title  of  the 
paper  the  principal  utilization  to  which  I  have  referred,  viz.,  the 
use  in  regulation  of  systems  of  alternating  currents  operating 
converters  should  have  been  discussed.  It  does  not  seem  to  me 
that  it  is  necessary ;  this  has  often  been  done,  and  will  again 
often  be  done  by  others  much  more  competent  than  myself  to 
handle  the  subject.  But  it  does  seem  right  that  one  should 
be  found  to  give  due  credit  for  those  who  in  the  same  line  of 
thought  are  *'  not  lost,  but  gone  before,"  and  I  am  glad  that  I  am 
in  a  position  so  to  do. 

There  seems  little  need  for  me  to  cite  any  more  instances, 
showiag  that  like  nearly  all  new  arts,  the  art  of  regulation  by 
means  of  self-induction  and  of  otherwise  usefully  employing  the 
counter  e.  m.  f.  due  thereto,  is  not  quite  new,  and  that  while  we 
can  congratulate  ourselves  upon  the  achievements  of  the  present, 
we  should  not  fail  to  respect  the  foundation  layers  of  the  past, 
for  of  a  truth,  there  were  giants  in  those  days. 
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LIFE  AND  EFFICIENCY  OF  ARC  LIGHT  CARBONS. 


DISCUSSION   OF   LOUIS  B.  MABKS's    PAPER  AT   THE  GENERAL  MEETING, 
BOSTON,  MASS.,  MAY  21,  1890. 


{See  page  175  ante^ 

The  Chairman,  Prof.  Elihu  Thomson  : — I  am  sure  we  have 
all  listened  with  great  interest  to  the  valuable  paper  of  Mr.  Marks 
and  we  hope  that  this  subject,  which  is  undoubtedly  an  im- 
portant one,  will  elicit  otlier  opinions  from  the  members.  The 
paper  is  now  open  for  discussion. 

A^.  G.  W.  Blodgett  : — I  have  been  nmcli  interested  in  Mr. 
Marks's  paper.  But  my  experience  with  three  or  four  isolated 
plants  of  the  Brush  system  has  been  somewhat  contrary  to  Mr. 
Marks's  experience.  He  said,  if  I  understood  liim  rightly,  that  a 
very  hard  carbon  is  the  best  for  a  low  tension  system,  and  a 
very  soft  carbon  for  a  high  tension  system.  My  experience  with 
the  Brush  lamps  has  been  just  the  reverse.  I  have  got  the  best 
results  with  a  very  hard  close  grained  carbon,  plated  with  a  thin 
plating  of  copper  which  seems  to  give  better  results  than  a  bare 
carbon,  or  one  heavily  plated.  He  spoke  of  the  difficulty  of 
using  the  incandescent  lamp  in  the  photometer  as  a  measure  of 
the  arc  lamp.  I  presume  those  difficulties  are  quite  as  great, 
perhaps  even  greater,  than  he  has  said. 

I  had  occasion  recently  to  review  some  experiments  which  were 
made  by  Elston  on  a  Siemens  lamp  in  Berlin,  lighting  the  Unter 
Der  Linden.  He  states  there  that  the  difference  in  the  color 
after  a  few  hundred  measurements,  was  of  no  consequence ;  that 
the  photometer  could  be  very  exactly  set  using  an  incandescent 
lamp  at  one  end  and  an  arc  lamp,  or  the  reflection  of  it  at  the 
other  end.  He  found  that  the  lamps  there,  however,  which  were 
run  at  2000  nominal  candle  power  only  gave  from  six  to  seven 
hundred.  Mr.  Marks  also  says  that  witn  low  voltages  a  deep 
crater  forms,  while  with  high  voltages  no  crater  at  all  was  ob- 
served. Jn  a  Brush  lamp  the  craters  which  I  have  obtained  were 
deepest  when  the  machine  seemed  to  have  the  highest  voltage, 
although  I  ffot  no  accurate  experiments. 

He  said  also  that  with  a  high  voltage  and  a  small  current  there 
were  mushrooms  formed  on  the  negative  carbon,  while  with  the 
larere  current  they  disappeared.     With  the  old  style  of  ]~ 
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lamp,  which  burns  with  a  20  ampere  current  and  about  6(^0 
volts,  these  mushrooms  were  very  much  more  troublesome,  in  my 
experience,  than  with  a  Brush  lamp  using  about  10  amperes  and 
a  voltage  of  perhaps  twice  that  amount.  I  would  like  to  know 
whether  any  one  has  had  a  similar  experience. 

Prof.  Thomson  : — On  uiy  own  account,  having  had  considerable 
experience  with  the  arc  lio^ht  system  and  its  development,  I 
miiJ^lit  say  that  I  think  that  Mr.  Blodgett  has  not  piobabiy  under- 
stood perfectly  what  was  meant  in  the  tests  concerning  the 
mushrooms.  As  I  understand  it,  the  voltage  was  to  be  kept 
constant  notwithstanding  the  efforts  of  the  lamp  to  regulate. 
Then  a  diminution  of  current  will  produce  a  concave  crater,  ac- 
cordin;j^  to  my  experience,  and  the  little  point  or  mushroom 
extends  into  tliat  crater.  Suppose  for  example  we  have  the  ideal 
are  (Fig.  1)  If  now  we  diminish  the  current  and  maintain  the 
voltige,  the  upper  carbon  will  come  down  gradually  and  get 
nearer  and  nearer  tlie  other  carbon;  that  is  assuming  that  the 
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reii:iilation  of  the  arc  lamp  is  allowed  to  take  care  of  the  voltage 
or  assuming  tliat  we  take  a  measurement  of  voltage  and  also  of 
current.  As  we  reduce  tlie  current  and  keep  the  voltage  the 
same,  tlie  result  finally  will  be  that  we  get  something  like  Fig.  2 
with  a  much  smaller  crater  and  a  mushroom. 

Mk.  Blodgktt: — That  is  exactly  what  I  have  observed. 

PiioF.  Thomson'  :  — ^That  is,  with  a  small  current — reducing  the 
current  from  10  amperes  to  5. 

i\Ii^  Bloduejt  : — 1  don't  know  about  that.     The  lamp  regulated 

Pkof.  Thomson  : — Let  us  take  the  other  case,  not  separating 
the  carbons  ;  we  will  find  that  the  voltage  then  will  drop  and  win 
finally  build  up  a  heavier  mushroom  and  much  widened  crater. 
That  is  the  condition  spoken  of,  allowing  the  current  to  increase 
without  the  voltage  being  maintained  constant.     In  faet.  I  hajve 
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carried  currents  of  such  force  through  carbons  that  the  crater 
was  over  the  whole  end  and  the  mushrooms  built  up  in  the  form 
shown  in  Fig.  ^.  so  that  we  have  nothing  but  a  layer  of  vapor 
between.  It  must  be  said,  however  that  of  course  in  this  case 
we  have  a  hissing  arc.  We  have  not  the  perfectly  developed 
arc.  The  perfectly  developed  arc,  in  my  judgment,  implies  about 
40  to  50  volts  and  no  hissing  A  remarkable  fact,  however,  in 
that  connection,  is  that  with  certain  carbons  it  is  possible  to  ac- 
tually keep  the  current  say  at  10  amperes  and  bring  the  carbons 
almost  into  contact  without  a  trace  of  a  hiss.  I  have  often  noticed 
this  which  is,  however,  a  peculiarity  of  what  are  called  cored 
carbons.  They  are  made  with  a  soft  graphitic  core,  (Fig.  4.) 
which  apparently  vaporizes  with  great  ease  and  enables  you  to 
bring  the  carbon  down  with  care  so  that  no  hissing  is  produced  ; 
but  if  you  do  it  suddenly  you  may  provoke  hissing.  I  think  one 
of  the  most  interesting  phenomena  found  in  arc  lamps  is  that  of 
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hissing.  We  have  not  yet  found  out  what  it  is  due  to.  But 
I  think  T  can  show  an  analogy  which  may  point  out  what  it  is, 
or  lead  us  to  it.  Hissing  is  most  vigorous,  so  far  as  my  experience 
ffoes,  in  carbons  of  coarse  grain  and  it  is  more  easily  provoked 
in  carbons  of  very  coarse  grain,  especially  when  they  are  brought 
together.  Now  it  is  an  old  experiment  in  chemical  operations  to 
sublime  sal-ammoniac  in  a  dish.  Sal-ammoniac  gives  oil  vapor 
when  it  is  heated.  If  you  do  it  vigorously  and  rapidly,  you  will 
hear  the  sal-ammoniac  hiss  and  fry  ;  but  if  the  heating  is  applied 
moderately  and  slowly,  there  will  be  a  gentle  sublimation  without 
noise.  That  leads  me  to  think  that  the  electrolytic  vaporization, 
if  we  may  call  it  that,  that  is  the  changing  of  the  positive  carbon 
into  vapor,  when  this  is  too  vigorous,  or  is  so  vigorous,  as  it  were, 
that  each  little  particle  of  carbon,  when  it  gets  into  the  crater, 
explodes,  then  you  have  a  hiss;  but  if  it  actually  vaporizes  as 
water  does  when  it  is  kept  hot  but  not  boiled,  you  have  the 
ordinary  quiet  arc.  Digitized  by  GoOglc 
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There  is  another  point  in  regard  to  that  matter.  I  eay  that 
sal-ammoniac  illustrates  the  effect,  ^ow  we  find  with  the  cored 
carbon  that  the  iimer  core  is  more  volatile.  It  exposes  more 
surface  on  nccount  of  the  tine  grain,  and  the  hissing  of  very  fine 
grained  carbons,  whenever  they  hiss,  is  not  so  harsh.  With 
retort  carbon,  such  as  carbons  were  made  of  years  ago,  very  dense 
in  grain  and  verv  fine,  the  powdering  was  so  done  as  to  give  an 
almost  impalpable  powder.  The  carbons  generally  formed  a 
rather  smaller  crater  than  the  modern  carbons,  and  I  have  known 
them,  when  they  were  just  on  the  point  of  hissing,  to  take  up  a 
very  musical  note — sometimes  even  whistle — and  the  whisth'ng 
of  a  carbon  of  that  kind  is  the  same  thing  as  hissing.  It  is  so 
uniform  in  grain  that  the  little  explosions  have  a  note. 

In  regard  to  the  structure  of  carbon  as  brought  out  in  the 
paper,  1  may  say  that  I  had  occasion  years  ago  to  look  into  the 
carbon  question,  and  we  found,  in  the  years  1^*81  and  1882,  that 
it  was  absolutely  impossible  to  get  satisfactory  carbons  for  high- 
potential  systems.  It  was  a  matter  of  discussion  whether  we 
would  not  be  forced  to  manufacture  the  carbons  that  we  should 
use.  I  found  that  in  looking  over  the  carbons  the  bei-t  results 
were  obtained  with  moulded  carbons  on  high  tension  w^ork,  and 
that  forced  carbons  or  squirted  carbons  could  not  be  made  at  that 
time  to  maintain  a  steady  arc.  Their  efliciency  was  low.  If 
they  came  anywhere  near  being  right  they  were  still  liable  to  the 
moving  about  of  the  arc  and  flaming,  far  more  than  the  moulded 
carl)ons.  That  led  me  to  examine  the  structure  of  them  some- 
what and  I  found-  that  on  breaking  the  moulded  carbons — 
simply  making  a  fracture  anywhere,  and  examining  the  moulded 
carbons  as  compared  with  the  forced  carbons  there  was  an  entire 
difference  of  appearance  at  the  ends.  The  moulded  carbons  had 
a  glistening  fracture  when  looked  at  straight  on  and  a  dull 
fracture  when  looked  at  across ;  whereas,  the  forced  carbons  had 
a  glistening  fracture  viewed  from  an  angle  and  a  dull  fracture 
looked  at  on  end,  showing  that  the  lay  of  the  particles  was  en- 
tirely different  in  tlie  two  cases.  The  process  of  forcing  the 
carbon  seems  to  lay  the  particles  in  line  so  that  they  present  their 
edges  to  you  when  you  look  straight  on— consequently  having  a 
flaky  nature.  The  fact  is  the  carbon,  being:  petroleum  carbon, 
is  formed  in  flakes  in  the  die  retort.  The  nates  when  they  are 
forced  out  by  the  press  enter  on  edge  and  lie  up  sidewise  and 
come  forward  that  way,  and  that  carbon  has  the  peculiar  grain 
mentioned;  but  in  the  moulded  carbon,  where  the  pressure  is 
applied  laterally,  the  particles  can  lie  in  any  direction,  and  con- 
sequently some  are  presented  to  you  flatwise,  and  when  you  look 
on  the  end  of  the  carbon  you  see  some  facets ;  and  I  found  by 
tests  of  hundreds  of  the  very  best  carbons,  that  the  one  that  was 
moulded  and  gave  me  the  brightest,  cleanest  fracture  on  end  and 
a  simple  dull  fracture  the  ether  way  gave  the  best  arc.  Then  it 
would  seem  almost  as  though   this  good  effect  requires  that 
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evaporation  should  take  place  from  the  side  of  laminae  of  the 
carbon ;  that  when  the  grain  was  sticking  out  as  in  the  forced 
carbon  you  could  not  rely  on  the  stability  of  the  arc.  It  would 
leave  one  point  of  discharge  and  and  take  up  others. 

There  is  another  fact  in  connection  with  arc  work  which  prob- 
ably accounts  for  the  flaming  to  some  extent.  If  we  take  a 
carbon  and  elongate  the  arc  so  that  it  tends  to  flame,  w©  find  that 
the  arc  plays  between  the  ends  and  blunts  the  edges  of  the  crater, 
as  though  there  was  no  boundary  line  for  the  discharge.  Conse- 
quently the  heated  air  rushing  up  may  carry  the  arc  over  the  edge 
and  make  it  overlap  a  little,  because  above  there  is  carbon  full  of 
gases  and  the  arc  naturally  takes  the  more  volatile  materials 
Why?  Because  there  is  with  the  more  volatile  portions  perhaps 
less  counter-electromotive   force   developed ;   less  energy  to  be 
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absorbed  there  in  making  vapor  from  it.  Consequently  the  arc 
flames  and  runs  up  the  side  (Fig.  ^-)  pointing  itself  always  on  the 
negative. 

Another  peculiar  thing  about  the  arc  I  noticed  some  time  ago, 
and  I  And  that  Professor  Fleming  has  recently  investigated  the 
same  and  other  phenomena.  You  can  readily  have  one  negative 
in  an  arc  and  any  number  of  positives,  (Fig.  G.),  but  you  cannot 
easily  have  one  positive  and  any  number  of  negatives  form  the 
same  arc.  You  may  bundle  up  sticks  of  carbon  close  together 
and  leave  them  slightly  separated  and  place  a  carbon  opposite 
and  you  may  have  cuirent  running  out  of  several  oi  the 
positives  to  reach  the  negative,  but  you  cannot  have  several 
negatives  feeding  a  single  positive,  as  it  were,  in  multiple  without 
special  arrangements  to  secure  the  division  of  current  at-the  nega- 
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tives.  In  other  words,  the  very  fact  that  we  have  a  crater  meanB 
that  we  can  have  a  great  number  of  discharge  points  on  the 
positive.  The  very  fact  that  we  do  not  have  a  crater  or  rather 
nave  a  little  point  on  the  negative,  indicates  that  we  can  only 
have  one  discharge  point  on  the  negative,  or  at  least  that  one  small 
space  suffices  for  the  current  to  pass.  Otherwise  the  discharge 
would  spread  over  and  take  up  a  larger  area,  at  the  same  time. 
Some  of  the  most  curious  phenomena  in  relation  to  the  effects 
of  arcs  burning  are  found  in  burning  very  large  lights  and  I  think 
that  this  is  a  subject  which  really  requires  some  attention.  I  wish 
1  had  time  to  look  into  it.  Take  arcs  burned  with  one  hundred 
and  fifty  amperes  or  more  and  we  find  that  the  conditions  for 
obtaining  a  quiet  arc  are  much  more  difficult  to  preserve.  The 
arc  very  easily  gets  into  the  unstable  condition  of  hissing,  and 
when  it  does  it  generally  gives  warning.  I  have  seen  it  give 
warning  about  the  time  it  was  going  to  do  that  and  sometimes 
fail  to  do  it.     We  will  suppose  that  a  quiet  arc  is  burning  with  a 
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crater  nine-sixteenths  of  an  inch  in  diameter,  and  carrying  a  con- 
siderable current  (Fig.  7.)  The  flame,  of  course,  is  considerable. 
There  is  a  tendency  to  deposit  carbon  on  the  lower  carbon.  If 
the  carbons  are  too  near  to<^'ther  the  combustion  is  prevented  and 
the  carbon  is  deposited.  I3ut  as  1  was  saying  the  large  are  will 
sometimes  give  warning  of  its  tendency  to  hiss  and  generally  be- 
gins at  the  negative  carbon  by  the  radiation  of  a  series  of  striae 
of  different  color,  and  if  they  seem  to  reach  near  the  positive, 
then  you  may  he  sure  that  the  hissing  has  begun,  because  the  fact 
is  you  will  see  the  whole  phenomena  change,  great  masses  will  be 
cut  out  of  the  carbons  and  I  have  seen  flames  run  off  eight  inches 
from  the  side  of  the  carbon  (Fig.  8.)  — enormous  roaring  flames 
that  could  be  heard  all  over  the  factory,  and  it  is  very  diracult  to 
quiet  such  an  arc  down  again  after  it  has  once  got  started. 
Som^  of  the  arcs  of  large  size  now  burned  use  cored  carbon. 

Digitized  b' 


1890.] 


DISCUSSION. 


251 


In  fact  that  kind  of  carbon  has  done  much  to  make  it  possible 
to  run  large  arcs  quietly. 

Another  style  oi  carbon  is  one  whose  section  is  that  of  a  fluted 
cylinder,  so  that  we  get  the  body  of  carbon  and  yet  keep  the  arc  on 
tne  center,  (Figs.  9  and  10.)  This  I  believe  was  due  to  Carre, 
the  well  known  carbon  maker.     If  that  were  also  cored  it  would 

five  excellent  results.  I  must  say  that  very  many  of  the  things 
rought  out  in  the  paper  are  confirmed  by  my  experience  and  I 
am  very  glad  to  see  them  recorded.  They  are  brought  out  in  a 
scientific  way,  based  on  measurements,  and  that  is  the  proper  way 
to  do  it.  In  working  along  with  arc  liglits  we  pick  up  a  little  here 
and  there  and  finally  accumulate  a  certain  fund  of  information, 
but  it  needs  to  be  classified  and  arranged,  and  I  am  glad  to  see 
that  in  this  paper  it  has  been  done.  I  think  attention  of  that 
kind  should  be  given  to  this  very  subject. 

In  relation  to  a  number  of  other  matters  it  is  not  necessary  to 
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prolong  the  discussion.     I  should  be  verj^  glad   to  hear  from 
other  members  on  the  subject. 

Mr.  Marks  :  Mr.  President,  I  would  like  to  state  in  confiima- 
tion  of  what  you  said  regarding  the  whistling;  of  the  arcs  that  I 
worked  at  this  late  at  night  when  everything  was  absolutely 
quiet ;  that  during  the  range  of  potential,  starting  a  lamp  from 
no  voltage  to  a  high  voltage  the  sound  varied  in  wave  lengths 
it  seemed  to  become  higher  and  lower  according  as  the  voltage 
changed.  The  point  in  connection  with  the  arrangement  of  the 
striae  of  the  carbon  in  moulded  and  forced  pencils  are  brought 
out  I  think  clearly  in  Figures  9d  and  12d  in  which  you  notice 
both  forced  pencils  have  parallel  striations  and  also  note  that 
they  lie  in  a  longitudinal  direction  or  in  the  saui3  direction  .':s 
the  application  of  pressure  used  in  the  manufacture  of  carbonc. 
The  moulded  carbons  show  the  other  instance.  ^  , 
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Prof.  Thomson  has  brought  out  the  fact  that  quieting  the  arc 
is  diflScult  to  do  with  a  large  diameter  of  carbons.  I  would  like 
to  know  if  he  has  ever  tried  the  means  of  doing  this  by  the 
application  of  extraneous  force ;  that  is,  having  a  number  of  lines 
of  force  circulating  around  the  arc  in  such  a  direction  as  to  keep 
the  arc  in  the  centre.  1  have  tried  that  with  considerable  suc- 
cess. 

Pkof.  Thomson  : — I  had  that  very  arrangement  one  time,  but 
it  is  a  difficult  matter  to  follow  the  arc  and  keep  just  the  right 
position.  It  is  making  a  certain  magnetic  whirl  around  the  arc 
and  feeding  it  along  the  arc.  If  by  that  means  you  can  hold  the 
arc  in  the  centre,  the  tendency  to  flaming,  as  well  as  the  ten- 
dency to  hissing,  is  modified.  I  am  glad  to  know  it  has  been 
done  successfully.  I  did  not  make  any  considerable  experiments 
in  that  direction. 

I  would  simply  add  that  in  regard  to  the  life  of  carbons  that 
my  experience  has  coniirmed  perfectly  what  has  been  brought 
out  in  tlie  paper  that  it  is  rarely  that  you  get  carbons,  positive 
and  negative,  that  burn  in  the  ratio  put  down  in  the  books — 1  to 
2.  It  generally  departs  from  that  relation  considerably,  and  of 
course  with  low  tension  systems  much  more  so,  simply  because 
of  the  plating  action  which  saves  the  lower  carbon.  The  carrying 
of  carbon  over  and  building  up  of  the  negative  prevents  the 
lower  carbon  from  wasting  by  combustion  when  it  is  receiving 
constantly  large  accessi(ms  of  new  material.  Consequently  the 
positive  carbon  is  the  one  that  is  consumed.  It  has  to  furnish 
the  material  to  burn ;  while  the  negative  is  preserved  by  de- 
position. 

Mit.  Marks: — By  having  a  suitable  range  between  the  plus 
and  minus,  it  is  very  ea.sy  to  obtain  the  plus  and  minus  carbon 
that  would  burn  away  exactly  a^  the  same  rate. 

Prof.  Thomson  : — By  using  a  very  soft  under  carbon  and  hard 
upper  carbon. 

Mr.  Marks  : — Of  the  same  diameter. 

Prof.  Thomson: — By  focussing  lamps  geared  at  the  same 
rate. 

Mr.  O.  T.  Crosby: — I  should  like,  as  a  matter  of  information, 
as  I  am  not  very  familiar  with  this  branch  of  the  work,  to  know 
whether  it  is  perfectly  safe  to  calculate  the  total  life  of  the 
carbon  by  a  rate  determined  from  observation.  In  other  words, 
is  the  rate  of  consumption  uniform  throughout  its  whole  life? 
What  you  said  concerning  the  building  up  of  the  low'er  carbon 
makes  my  doubt  a  little  stronger ;  although  I  am  not  posted  in 
the  matter — because  we  appear  to  be  building  up  a  new  pencil 
all  the  time,  whose  structure  and  consecjuently  whose  rate  of  con- 
sumption need  not  he  tlie  same  during  the  different  portions  of 
its  life  as  of  any  given  poriion. 

Pk  »k.  Th.:)MS')N"  : — As  to  this  particular  case  of  building  up  a 
new  structure,  by  carriage   and   depobition  of    carbon   on   the 
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neo^ative,  the  way  this  added  carbon  is  disposed  of  is  not  by  com- 
bustion ;  the  carbon  pencil  burns  below  the  point  of  building 
and  the  piece  above  tumbles  out.  (See  Fig.  12.)  It  is  wasteful 
of  carbon,  because  in  this  particular  instance  it  simply  protects 
the  ends — until  this  dropping  out  action  occurs — from  being 
burned.  This  merely  excluoes  the  oxygen  at  the  point  and 
lessens  the  rate  of  burning.  I  think  it  would  be  possible  with  a 
perfectly  formed  arc,  that  is,  with  an  arc  burned  at  45  volts,  to 
calculat'3  witii  most  carbons  the  rate  from  one  hour's  burning. 
That  is.  the  variation  would  not  be  very  great.  If  the  pressure 
in  the  moulding  is  uniform  and  in  the  forcing  also,  the  structure 
may  be  considered  fairly  uniform.  It  would  not  be  possible, 
however,  to  take  the  same  make  of  carbons  and  several  batches 
coming  out  at  different  times  and  calculate  from  the  rate  of  one 
carbon  taken  out  of  one  batch  what  would  be  the  rate  of  all  the 
batches,  because  they  do  vary  and  the  carbon  manufacturer  cannot 
altogether  help  it. 


Fifir.l2 


Note  A  with  Fig.  1 1 . 


(Communicated  by  Prof.  Thomson.) 

This  concerns  electro-motive  force  diflFerences  between  the  arc 
flame  and  the  respective  carbons,  positive  and  negative.  This 
difference  can  be  observed  easily  by  inserting  a  small  carbon  rod 
into  the  arc  with  a  voltmeter  connected  from  the  rod  to  the 
positive  carbon  for  determining  the  difference  of  potential  be- 
tween the  positive  carbon  and  the  flame,  and  also  a  voltmeter 
connection  between  the  inserted  rod  and  the  negative  carbon- 
Nearly  the  wholee  lectromotive-force  difference  will  be  found  to 
exist  between  the  positive  carbon  and  the  inserted  rod.     This 
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indicates  that  most  of  the  work  done  in  the  arc  is  done  in  the 
positive  electrode  or  where  the  current  passes  from  the  positive 
carbon  into  the  gas  or  at  the  crater  itself,  which  is  the  dividing 
line  between  them.  It  is  natural,  therefore,  that  the  arc  should 
spread  itself  out  on  the  positive  carbon  and  acquire  a  considerable 
area  over  which  tliis  work  is  done  while  at  the  negative  carbon 
it  should  concentrate  itself,  as  very  little  of  the  work  is  done 
there  in  the  passage  of  the  current  from  the  gas  stream  to  the 
negative  carbon. 


Mr.  Marks  : — I  made  a  number  of  transverse  tests  of  carbons 
from  different  bardies  and  found  that  in  one  batch  of  carbons 
the  ultimate  strength  was  41  3-lo  pounds;  while  in  another 
batch  sent  on  some  time  later  the  ultimate  strength  was  48 
pounds,  showing  that  the  carbons  were  not  absolutely  homo- 
geneous. 

Prof.  W.  A.  Anthony: — The  quality  of  the  material,  the  tem- 
perature of  baking,  all  those  things,  of  course,  make  a  differ- 
ence in  the  carbon  produced,  and  it  is  very  difficult  to  control 
them  all  in  such  a  way  as  to  produce  an  absolutely  uniform 
product. 

I  would  like  to  say  one  word  in  regard  to  photometric  tests. 
The  remark  was  made  here  that  it  was  found  after  working  a 
number  of  hours  on  a  photometric  test  that  the  color  of  the  light 
made  no  difference,  and  while  I  have  no  doubt  that  in  makmg 
photometric  tests  with  arc  lights  l)y  comparison  with  incandes- 
cent, one  would  become  accustomed  to  the  difference  in  color  in 
such  a  way  that  while  you  get  uniform  results  continuously,  if 
you  let  some  other  man  come  and  take  the  photometer  with  that 
conditions  of  thinu^s,  I  think  the  result  would  vary  entirely. 
Probably  the  other  man  would  go  on  and  in  the  course  of  a  few 
hours  he  would  get  so  that  he  could  get  uniform  results  for  him- 
self. There  would  be  a  per3on;il  equation  in  there  that  would 
be  a  pretty  serious  matter. 

Pkof. 'Thomson  : —I  think  that  Prof.  Anthony's  remarks  are 
very  a))t  indeed.  Peoi)le  undoubtedly  have  a  different  color 
scale,  some  pe()j)le  seeing  far  up  in  the  violet  and  not  so  far 
down  in  tlie  red.  I  have  seen  one  case  in  which  the  color  scale 
of  the  individuid  was  simply  yellow. 

Mr.  Fkanklix  L.  Pope  : — I  would  like  to  ask  Mr.  Marks  if  he 
ascertained  the  character  of  tlie  raw  material  that  was  put  in  the 
different  makes  of  carbon  with  which  he  experimented  ;  whether 
they  were  of  the  same  or  different  sources  such  as  pulverized 
carbon,  or  petroleum,  or  natural  gas  and  the  like  ? 

Mr.  Marks  : — The  manufacturers  were  very  reticent  in  regard 
to  that  matter.  [  obtained  information  from  two  of  the  com- 
panies. I  may  state  that  the  product  of  the  second  distillation  of 
petroleum  was  used  by  one  of  them  as  the  crude  material,  and  a 
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given  amonnt  was  measured  out  and  one-quarter  of  its  weight 
of  pitch  was  added.  This  formed  the  mass  which  was  moulded 
into  sticks.  In  another  case  I  understood  that  one-third  of  the 
weight  of  pitch  was  added.  This  information  was  received 
from  the  lactory.  I  cannot  vouch  for  it.  I  have  never 
worked  in  any  of  the  carbon  factories,  and  I  would  not  like 
to  commit  myself. 

Prof.  Thomson  : — I  think  it  is  safe  to  say  that  most  carbon 
manufacturers  to-day  use  petroleum  carbon.  Formerly  some  of 
them  used  the  gas  retort  hard  carbon,  but  it  is  so  hard  to  grind 
and  impure — ^iron  and  ash  of  coal  naturally  working  into  it — that 
it  is  only  suitable  in  any  case  for  use  in  low  tension  systems. 
Perhaps  some  of  the  forced  low  tension  and  very  hard  carbons  are 
still  produced  from  gas  carbon,  but  we  never  found  an  instance 
in  wnich  such  carbon  was  used  successfully  in  high  tension  sys- 
tems, on  account  of  the  volatile  material — the  ash — causing 
changes  of  color  and  causing  the  arc  to  *' flame  around,"  as  we 
would  call  it. 

Mb.  Mabks  :— The  statements  was  made  a  little  while  ago  by 
one  of  the  members  that  forced  carbons  are  in  some  cases  adapta- 
ble to  high  tension  systems.  I  tried  all  the  forced  carbons  that 
I  could  possibly  find  and  I  have  not  come  across  any  that  will 
give  anything  like  as  steady  a  light.  There  is  the  spluttering 
and  hissinff  and  flaming  that  Prof.  Thomson  alluded  to,  and  be- 
sides this  the  light  is  apt  to  go  out  at  times. 

Prof.  Thomson  : — That  accords  perfectly  with  our  experience. 
We  have  adopted  moulded  carbons  for  high  tension  work,  and  any 
one  simply  presenting  us  with  a  forced  carbon  and  saying  that  it 
was  for  our  work,  would  be  told  at  once  we  did  not  wish  to  see 
it.  We  have  been  through  that  experience  so  often  that  there  is 
no  use  in  looking  at  it. 

Mr.  F.  L.  Pope  : — I  think  it  would  be  very  desirable  if  some 
one  could  make  a  study  of  the  battery  carbon  as  Mr.  Marks  has 
the  arc  light  carbon.  I  would  like  to  make  that  suggestion,  and 
if  any  one  desires  to  follow  it  up  I  think  the  results  would  be  of 
very  great  value. 

l^ROF.  Thomson  : — That  is  an  apt  remark  indeed.  I  am  very 
much  surprised  that  no  one  has  done  it  in  relation  to  battery 
carbons.  The  quality  of  battery  carbons  could  undoubtedly  be 
brought  to  a  high  plane  by  due  attention  to  materials,  mak- 
ing, etc. 

Mr.  F.  L.  Pope  : — 1  would  say  in  relation  to  that  matter  that 
I  was  asked  to  make  a  test  of  a  battery  carbon  said  to  be  made 
of  sea  weed  carbonized.  1  obtained  very  good  results  from 
it  indeed,  perhaps  better  than  with  any  other  form  of  carbon 
that  I  could  get  hold  of. 

Prof.  Thomson  : — I  can  say  in  seconding  that,  that  I  was  asked 
to  make  a  test  of  arc  light  carbon  made  from  sea  weed  carbon 
and  I  obtained  very  poor  results  from  it.     But  I  can  (^^}\jAr> 
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see  that  the  conditions  were  altogether  different.  The  bat- 
tery carbon  requires  to  be  porous  to  take  up  gas.  I  sup- 
pose it  was  an  open  circuit  battery — ^sal-ammoniac — Leclanche  ? 

M.  F.  L.  Pope  :— Yes. 

Pbof.  Thomson  : — And  therefore  required  to  absorb  oxygen 
from  the  air,  and  the  very  absorptive  power  of  the  carbon  was 
just  the  condemnation  of  it  in  relation  to  use  in  arc  lights  where 
you  want  the  most  thoroughly  carbonized  material  you  can  set 
and  as  little  absorbent  as  possible.  If  there  is  no  further  ais- 
cussion  of  the  paper  just  read  we  will  take  the  next  in  order — ^a 
paper  by  Prof.  Edward  L.  Nichols,  of  Cornell,  entitled  "  Note 
on  a  New  Photometer." 
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BY  DK.  EDWARD  L.  NICHOLS. 


Methods  of  photometry  which  take  no  cognizance  of  differ- 
ences of  quality  are  so  ill  adapted  to  the  study  of  sources  of  light 
which  differ  from  each  other  widely  in  temperature,  that  the 
introduction  of  some  instrument  by  means  of  which  both  the 
character  and  the  intensity  of  an  illuminant  can  be  readily  de- 
termined, would  be  a  desirable  adjunct  to  the  equipment  of  our 
photometer  rooms. 

The  instrument  which  it  is  my  purpose  to  describe  has  been 
designed  to  meet  this  need.  Existing  types  of  the  spectro- 
photometer may  be  made  to  give  good  results,  but  they  are  ex- 
pensive instruments  and  so  difficult  to  use  that  it  is  only  in  the 
bands  of  observers  of  considerable  experience  that  accuracy  is 
assured. 

The  new  apparatus,  the  "  horizontal-slit "  photometer,  is  in 
point  of  fact  a  spectro-photometer  in  which  the  polarizing  device 
is  entirely  done  away  with.  In  it  the  extremely  simple  principle 
of  the  Bunsen  photometer  is  applied  successively  to  the  various 
regions  of  the  visible  spectra  of  the  source  of  light  which  are  to 
be  compared.  A  direct  vision  spectroscope  of  Browning's  form 
is  attached  to  the  usual  car  of  a  Bunsen  photometer,  from  which 
the  disc  and  mirrors  have  been  removed.  The  optical  axis  of  the 
collimator  is  horizontal  and  at  right  angles  to  the  photometer  bar. 
The  slit  is  horizontal  and  lies  in  a  straight  line,  joining  the  sources 
of  light,  which  are  set  up  in  the  usual  manner  at  the  ends  of  the 
bar.  The  bar  itself  is  preferably  of  considerable  length  (in  the 
case  of  the  one  upon  which  the  original  instrument  under  con- 
sideration was  mounted,  it  was  500  c.  m.  long)  and  should  be 
divided  into  1,000  equal  parts. 
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Id  front  of  the  spectroscope  slit  are  placed  two  right  angled 
prisms  of  the  same  size  and  made  of  the  same  glass  (see  Fig.  1.) 
Their  vertical  adjacent  edges  bisect  the  slit,  and  light  traveling 
from  either  end  of  the  photometer  bar  is  totally  reflected  by  them 
and  enters  the  right  or  left  hand  end  of  the  slit  in  a  direction 
parallel  to  the  optical  axis  of  the  collimator  tube. 

The  two  sets  of  rays  thus  gathered  into  the  spectroscope  from 
the  lights  at  the  end  of  the  bar  are  vertically  dispersed  by  the 
direct-vision  prisms  and  appear  in  the  field  of  view  as  two  vertical 
spectra  standing  side  by  side.  Equal  wave  lengths  are  in  the 
same  horizontal  line  and  any  desired  region  may  be  brought  into 
the  centre  of  the  field  by  an  angular  movement  of  the  ocular 
telescope.  The  telescope  moves  along  the  arc  of  a  suitably 
divided  semi  circle,  to  which  it  may  be  clamped  by  means  of  a 
set-screw.  Wave  lengths  corresponding  to  the  various  circle  set- 
tings are  determined  once  for  all,  by  observation  of  the  more 
prominent  of  the  Frauuhofer  lines. 

When  the  instrument,  thus  mounted,  is  placed  at  the  middle 
of  the  photometer  bar,  between  lamps  which  are  identical  in  in- 
tensity and  quality,  the  two  spectra  are  of  equal  brightness 
throughout,  wave  length  for  wave  length,  from  red  to  violet.  If 
the  two  lamps  differ  in  intensity  but  not  in  quality,  the  two  spec- 
tra will  differ  in  brightness  by  the  same  amount  from  end  to  end, 
and  a  position  may  be  found  upon  the  bar  for  which  they  will  be 
identical  throughout. 

Under  these  circumstances,  which  are  the  only  ones  in  which 
the  Bunsen  method  in  photometry  is  strictly  applicable,  the  in- 
strument may  be  used  as  a  simple  photometer,  the  setting  for  any 
wave  length  whatever  giving  the  candle-power.  For  this  purpose 
alone,  viz.,  for  the  comparison  of  lights  of  similar  character,  the 
instrument  offers  cerUiin  manifest  advantages  over  the  various 
forms  of  the  Bunsen  photometer.  In  the  course  of  the  present 
paper  I  shall  present  some  definite  data  concerning  the  relative 
sensitiveness  of  the  two  instruments  when  used  in  this  way. 

When  the  lights  to  be  compared  differ  both  in  intensity  and 
quality,  ordinary  ])hotometric  indications  possess  no  perfectly  defi- 
nite significance.  In  this,  which  is  the  more  general  case,  the 
relative  brightness  of  the  spectra  of  the  two  sourcesKvaries  with 
the  wave  length.  For  each  region  of  the  visible  spectrum,  how- 
ever, a  position  upon  the  photometer  bar  can  be  found  at  which 
the  brightness  of  the  two  spectra  in  that  region  will  be  equal,  and 
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the  observations  thus  obtained,  when  extended  over  the  entire 
spectrum,  will  afford  data  by  means  of  which  the  differences  in 
quality  of  the  two  sources  of  light  may  be  definitely  expressed. 

In  a  recent  paper  read  before  the  Institute,*  I  have  shown  that 
for  a  considerable  range  of  temperature  at  least,  the  ratio  between 
the  intensities  of  a  certain  wave  length  of  the  spectrum  of  glowing 
carbon,  is  identical  with  the  ratio  of  candle-powers  as  determined 
by  the  Bunsen  photometer.  The  wave  length  in  (juestion,  deter- 
mined from  the  intensity  of  the  spectrum  of  incandescent  lamps 
at  various  candle-powers,  I  had  found  to  be  approximately  /=()U0. 
M.  A.  Crova,  in  an  important  paper  since  presented  at  the  late 
electrical  congress  at  Paris'^  has  pointed  out  the  importance  of 
this  method  of  measuring  the  light  from  sources  differing  in 
temperature.  The  wave  length  which  he  has  indicated  for  this 
purpose  is  /=582,  which  belongs  to  a  region  lying  slightly  further 
toward  the  green  than  the  one  which  I  had  adopted. 

When  the  wave  length  of  this  region  has  been  established 
beyond  question,  the  photometry  of  lights  which  vary  in  color, 
will  have  been  reduced  to  a  definite  scientific  basis.  Instead  of 
attenipting  to  use  the  Bunsen  photometer  in  measurements  to 
which  it  is  not  adapted,  we  shall  be  able  to  deduce  the  relative 
candle  power  of  two  sources  of  light  from  the  comparison  of  a 
single  wave  length,  and  we  shall  be  freed  from  the  uncertainty 
arising  from  differences  of  colors  and  from  the  personal  errors 
due  to  the  independent  use  of  the  two  eyes  in  observation.  The 
determination  of  candle-power  will  then  be  an  ojjferation  of  pre- 
cision, even  when  the  sources  of  light  to  be  compared  vary 
widely  in  temperature.  It  is  in  the  opportunity  of  performing 
such  observations  upon  the  photometer  bar  itself,  under  condi- 
tions which  do  away  with  many  of  the  sources  of  error  inherent 
in  the  usual  methods  of  spectro-photometry,  that  the  chief 
advantages  of  the  new  photometer  will  be  found  to  lie. 

The  following  set  of  observations,  taken  with  the  new  instru- 
ment, may  serve  to  indicate  one  of  the  uses  to  which  it  may  be 
put.  The  data  are  taken  from  an  investigation  now  in  progress 
in  the  Physical  Laboratory  of  Cornell  University.  The  object  in 
view  was  to  compare  the  spectrum  of  a  novel  type  of  gas  burner 
with  that  of  an  ordinary  argand  burner.     The  two  lamps  were 

1.  Transactions  op  the  American  Institute  of  Electrical  Enoineerp, 
vol.  6,  p.  183. 

2.  M  A.  Crova,  La  Lumiere  Ekctrique,  vol.  88.  p  478. 
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Bet  up  at  the  ends  of  a  photometer  bar  five  meters  long,  the  bar, 
as  already  stated  being  divided  into  1,000  equal  parts.  Readings 
were  taken  at  six  points  in  the  spectrum.  The  purpose  being 
to  express  the  relative  brightness  of  the  two  spectra,  wave  length 
for  wave  length,  the  intensity  of  that  due  to  the  argand  burner 
was  taken  as  unity  throughout,  and  the  brightness  of  each  region 
of  the  spectrum  of  the  flame  under  investigation  was  obtained 
in  terms  of  that  of  the  corresponding  region  of  the  spectrum  of 
the  argand.     The  results  are  given  in  Table  1  : 


z 


7 


Comparison 
of  an  ordinary 
photometer.' 


Fig.  1. — A  Nbw  Photometek. 
Table  1. 
of  the  spectrum  of  a  Welsbach  burner  with  that 
argand  burner,  by  means  of  the  "  horizontal-sUt " 


Color. 

Wave 

Light-ratio 

Probable  error  of  a 

length 

Welsbach 

single  observation. 

Argand. 

Red 

702 

0.709     ±     .017 

2.45^ 

Yellow 

589 

1.476     ±    .017 

1.14!< 

558 

1.760     ±     .023 

1.34,^ 

Green 

500 

2.395     ±     .047 

1.99<^ 

Blue 

466 

2.738    ±    .036 

l.Si)% 

Violet 

439 

3.090    ±    .073 

2  35^ 

1.76^  (average) 

8.    From  observations  by  Miss  Ida  M.  Hill. 
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Ten  observations  were  made  in  eacli  region. 

I  introduce  tlies'i  measurements  here  simply  as  an  illustration 
of  on  J  line  of  v/ork  to  whi  -li  tli3  instrument  under  consideration 
is  adapted.  A  full  description  of  the  research  of  which  they 
form  a  part,  and  which  covers  many  other  questions  pertaining^ 
to  the  very  interesting  class  of  lamps  with  which  it  deals,  will 
doubtless  be  published  in  due  time. 

As  will  be  seen  from  the  column  of  probable  errors,  the  sensi- 
tiveness of  the  instrument  is  greatest  in  the  region  of  the  d  line 
(;i=589)  and  least  in  the  extreme  red  and  violet,  where  the  light 
intensities  are  small. 

A  set  of  ten  determinations  made  by  the  same  observer  with 
the  Bunsen  photometer,  gave  for  the  total  light-ratio  of  the  two. 
lamps : 

Wel8b^_  1.701  ±  .016 
Argand 

The  probable  error  of  a  single  observation  in  this  series 
amounted  to  0.89/^,  a  value  somewhat  smaller  than  that  obtained 
with  the  new  photometer  in  the  yellow  of  the  spectrum. 

The  number  of  observations  is  too  small  to  afford  a  close  esti- 
mate of  the  relative  sensitiveness  of  the  two  instruments,  but  the 
results  sutfice  to  show  that  the  "  horizontal-slit "  photometer  does 
not  differ  appreciably  in  accuracy  from  the  Bunsen  photometer 
when  the  latter  is  used  in  the  comparison  of  flames  of  the  same 
color. 

When  it  comes  to  the  measurement  of  sources  of  light  that 
differ  widely  in  temperature,  the  comparison  is  decidedly  in  favor 
of  the  "horizontal-slit"  photometer,  the  sensitiveness  of  which 
is  not  affected  by  differences  of  color.  The  error  of  the  Bunsen 
photometer  in  candle-power  measurement  of  the  arc  light,  for 
instance,  calculated  from  ten  observations  recently  made  upon 
the  same  photometer  bar,  the  reference  standard  being  an  argand 
gas  burner,  was  2.65^  (probable  error  of  a  single  observation), 
a  value  more  than  twice  as  large  as  that  of  the  "  horizontal-slit" 
photometer. 

A  comparison  of  the  performance  of  the  new  photometer  with 
that  of  a  polarizing  spectro-photometer  of  the  type  which  is  com- 
monly recognized  as  affording  the  highest  degree  of  accuracy,  is 
likewise  decidedly  in  favor  of  the  former.  Taking  as  a  basis 
eight  observations  made  by  Mr.  Franklin  and  myself  in  the  study 
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of  a  bat's  wing  gas  burner,*  the  observations  covering  eight 

regions  of  the  spectrum,  I  find  the  error  of  a  single  observation, 

in  the  various  regions  to  have  been  as  follows : 

Table  2. 

PrcH)ahle  errors  of  a  smgle  ohservatum  with  a  polarizing  spectro- 
photometer^ calculated  from  sets  of  ten  observations  upon 
various  portions  of  the  spectrum  of  a  ga^  flame, 

WavP  IPiicrtlm  Probable  error  of  a 

W a\  e  leiigtiis.  ^.^^j^  observation. 

753 7.9,^ 

008 4.9^ 

008 4.5^ 

557 5.4^ 

518 6.4* 

492 7.0^ 

408 3.0^ 

45' )   2.4^ 

5.2jfc  (average) 

The  measurement  of  a  fluctuating  illuminant,  such  as  the  gas- 
flame,  is  a  Hue  of  investigation  by  no  means  adapted  to  exhibit 
any  photometric  instrument  at  its  best ;  but  as  the  errors  of  the 
horizontal  slit  photometer,  already  given,  were  calculated  from 
sets  of  ten  observations  upon  such  flames,  I  have  selected  for 
comparison  similar  sets  of  ten  upon  sources  of  the  same  character. 

The  averages,  viz. : 

Error  of  horizontal-slit  photometer,  1.76,^  (average  for  spec- 
trum), 

Error   of   polarizing  spectro-photometer  5.205^  (average  for 
spectrum), 
doubtless  afford  a  fair  indication  of  the  relative  performance  of 
the  two  instruments  in  this  peculiarly  trying  line  of  work. 

At  the  last  annual  meeting  of  the  Institute  I  had  the  privilege 
of  presenting  a  brief  study  of  certain  personal  errors  pertaining 
to  the  use  of  the  Bunsen  photometer.  The  particular  class  of 
errors  to  which  attention  was  called  in  that  papei**  are  undoubt- 
edly obviated  by  the  use  of  the  horizontal-slit-photometer ;  what 
new  ones  the  latter  instrument  may  introduce  remains  to  be  de- 
termined. 

4.  Amer.'can  Joiirnvil  of  Science,  vol.  3S,  p.  100.  See  also  TranbaCTions  OF 
Amebic  \N  Institutk  oF  PJlectrical  Ekgineerb,  vol.  6,  p.  177. 

5.  Tuaxsactions  of  the  American  Institute  of  Electrical  Enoineerb, 
vo'.  6,  p.  335.  ^  , 
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Discussion. 

Mr.  F.  a.  C.  Perrine  : — I  beg  to  ask  Doctor  Nichols  how  he 
<^lculates  the  light  from  the  illumination  given  in  different  parts 
of  the  spectra  ?     Do  you  compare  it  with  the  yellow  light  ? 

Dr.  Nichols  : — I  do  not  know  whether  1  fully  understand 
the  gentleman's  question.  The  point  is  this — that  if  you  take 
an  arc  light  the  intensity  of  which  the  Bunsen  photometer  shows 
is  ten  times  greater  than  the  incandescent  lamp  ;  and  then  take 
the  spectrum  of  the  arc  light  and  the  spectrum  of  this  incan- 
descent lamp  and  place  them  side  by  side,  it  will  be  found  that 
in  the  region  of  yellow  these  spectra  are  as  ten  to  one,  and  hav- 
ing once  set  up  a  standard  of  that  kind  you  can  test  relative  can- 
dle powers  by  comparing  this  portion  of  the  spectrum  only.  I 
do  not  think  this  standard  wave  length  has  yet  been  determined 
with  sufficient  care.  In  a  paper  which  I  read  before  the  Insti- 
tute somewhat  more  than  a  year  ago*  I  explained  this  matter 
more  fully.  I  do  not  know  what  this  particular  wave  length  de- 
pends on,  but  it  is  possible  to  find  it,  and  having  found  it  the 
Betting  of  the  photometer  for  different  qualities  oi  light  becomes 
as  simple  as  the  setting  of  a  Bunsen  photometer  for  lights  that 
are  just  the  same. 

Prof.  Thomson  : — As  I  understand  it,  if  we  simply  have  blue 
or  green  light  to  deal  with,  of  course  that  is  ruled  out  of  the 
question.     We  cannot  give  thern  value  in  terms  of  the  yellow. 

Dr.  Nichols  : — I  think  it  is  probably  true  only  of  the 
spectrum  of  incandescent  carbon.  I  am  quite  sure  that  this 
standard  wave  length  is  different  for  lights  of  different  sources. 

The  Chairman  : — If  there  is  nothing  further  we  will  close  the 
discussion  and  the  Secretary  has  some  announcements  to  make. 

The  Secretary  read  invitations  from  the  Boston  Society  of 
Civil  Engineers,  and  from  the  Union  Electric  Car  Company,  ex- 
tending their  courtesies  to  the  members  of  the  Institute. 

Mr.  Crosby  : — ^Mr.  President,  I  think  some  formal  action  had 
best  be  taken  to  recognize  the  kindness  of  the  civil  engineers  in 
extending  the  invitation,  although  I  do  not  see  how  it  would  be 
possible  to  accept  it  for  any  trip  to-morrow,  as  the  West  End 
trip  and  the  visit  to  Lynn  will  occupy  the  day.  I  move  a  vote  of 
thanks,  wliile  we  cannot,  on  account  of  pressure  of  time,  accept 
any  definite  hospitality. 

The  motion  was  carried. 

A  recess  was  taken  until  2.30  p.  m. 

Afi^ernoon  Session. 

The  Chairman  (Prof.  Elihu  Thomson) : — I  have  the  pleasure 
of  informing  the  Institute  that  our  newly  elected  President, 
Professor  Anthony,  will  now  take  the  chair.  I  have  succeeded 
in  prevailing  on  him  to  preside  for  the  rest  of  the  meeting.     I 


1  See  Transactiokb.    Vol.  vi.,  p.  158. 
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know  of  no  one  more  worthy  or  more  able  to  conduct  the  pro- 
ceedings of  the  Institute  than  Prof.  Anthony,  and  I  will  say  in 
stepping  down  from  the  chair  that  I  feel  that  I  have  not  been 
able  to  do  quite  what  I  should  have  liked  during  the  past  year. 
I  have  presided  at  very  few  meetings,  and  it  has  been  because  I 
was  busy  and  because  i  was  not  on  the  scene,  and  because  it  hap- 
pened that  when  I  was  in  New  York  the  meetings  would  occur 
about  two  or  three  days  afterwards  So  without  further  ex- 
cusing myself  I  will  give  the  chair  to  Prof.  Anthony. 

Prof  Anthony  : — Gentlemen  of  the  Institute,  I  must  say  the 
announcement  to  me  this  morning  just  at  the  moment  the  meet- 
ing was  called  to  order  that  I  had  been  elected  President  of  the 
Institute,  took  me  entirely  by  surprise.  1  had  come  here  with 
the  idea  that  Prof.  Thomson  was  to  preside  at  this  meeting  in 
Boston,  and  it  seemed  to  me  that  he  was  the  proper  man  to  take 
charge  of  it.  I  certainly  did  not  feel  as  though  1  had  any  claims 
whatever  upon  the  Institute.  I  may  say  that  I  have  been  tho- 
roughly interested  in  the  work  of  the  Institute.  I  have  been 
interested  in  electric  work  for  a  great  many  years,  and  have  been 
a  member  of  the  Institute  for  some  time,  and  have  been  present 
at  its  meetings  whenever  it  was  possible  for  me  to  be.  I  have 
always  kept  watch  of  whatever  was  going  on  in  the  Institute, 
and  have  felt  that  a  great  deal  of  good  was  coming  continually 
from  these  meetings.  I  thank  you  most  heartily  for  the  confi- 
dence that  you  have  placed  in  me  in  electing  me  to  this  position. 
As  I  said  before,  I  do  not  feel  that  there  is  any  special  reason 
why  I  should  have  been  called  to  this  place,  and  certainly  you. 
might  have  found  some  one  else  who  could  always  be  present  at 
the  meetings,  or  who  had  at  least  done  more  to  deserve  the  honor 
that  you  have  conferred.  I  certainly  feel  that  it  is  a  great 
honor  to  have  been  chosen  by  such  a  body  as  this  to  repre- 
sent it. 

We  will  now  proceed  to  business.  The  first  paper  of  the 
afternoon  is  "  On  the  Limitations  of  Steam  and  Electrical  Trans- 
portation," by  Oscar  T.  Crosby,  of  New  York  City. 
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^  ^Ptr  read  at  the  General  Meeting  o/  the 
American  Institute  of  Electrical  Engineers,, 
Boston,  Jf.isi  ,  Afav  21,  iSqo. 


THE  LIMITATIONS  OF   STEAM  AND  ELECTRICITY 
IN  TEA  N  SPORT ATION. 


BY   O.    T.    CROSBY. 


"  Do  you  expect  electrical  engines  entirely  to  displace  steam 
locomotives  on  all  railroads  ?"  That  is  a  question  which  has 
doubtless  been  propounded  to  many  electrical  engineers.  Its 
answer  has  doubtless  been  made,  in  general,  by  wise  reference  to 
the  boundless  possibilities  of  direct  production  of  electrical 
energy  from  heat,  and  to  Bellamy's  "  Looking  Backward  "  stor- 
age batteries. 

To  make  some  study  of  the  boundary  line  dividing  the 
province  of  steam  locomotion  from  that  of  electric  locomotion — 
under  existing  conditions  of  producing  electric  energy — is  the 
the  object  of  this  paper. 

In  the  light  of  present  achievements  I  may  state,  without 
argument,  the  following  propositions : 

First— \\»  is  possible  to  construct  motors  capable  of  doing  the 
maximum  work  required  to-day  in  transportation. 

Second — It  is  possible  continuously  to  generate  electric  energy 
equal  to  the  capacity  of  any  number  of  such  motors. 

Third — At  any  desired  loss  and  over  any  desired  distance  it  is 
possible  to  supply  by  the  running  contact  method,  the  necessary 
current,  at  considerable  pressure,  for  the  working  of  such  motors. 

Should  there  still  be  question  in  the  minds  of  any,  as  to  the 
value  of  the  running  contact  method  at  speeds  much  higher  than 
those  commonly  used,  I  may  state  that  I  have  seen  75  amperes  at 
500  volts  thus  continuously  supplied  to  a  car  moving  at  more 
than  110  miles  an  hour. 

These  premises  being  established,  further  discussion  divides 
itself  into  three  parts. 
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Firsts  as  to  the  mere  possibility,  without  reference  to  the 
economy,  of  steam  and  electric  propulsion  under  given  conditions. 

Second^  as  to  the  relative  cost  of  exerting,  in  a  locomotive, 
any  unit  of  power  by  electric,  as  compared  with  direct  steam 
motors. 

Thirds  as  to  the  relative  amount  of  power  required  by  the  two 
agents  to  transport  a  given  paying  load  under  given  conditions. 

In  using  the  word  steam,  as  above,  I  have  in  mind  only  the 
direct  application  of  steam  power  on  the  tracks.  The  case  of 
cable  propulsion  is  not  here  compared,  as  that  has,  within  its 
restricted  field  of  application,  already  been  compared  with  horse, 
steam,  and  electric  power. 

The  limiting  possibilities  of  locomotion  may  be  under^lccd  by 
considering  a  prolongation  of  the  lines  of  present  practice  in  the 
direction,  first,  of  loads  handled  ;  second,  grades  climbed ;  third, 
speeds  attained  ;  fourth,  length  of  continuous  runs. 

Since  the  effect  of  grade,  as  compared  with  load,  is  simply  to 
increase  the  tractive  effort  required  for  a  given  load  and  speed, 
it  need  not  be  separately  treated,  except  that  there  has  been 
some  question  of  increase  of  adhesion,  in  the  ground  return  me- 
thod, which  in  extreme  cases  might  appear  as  an  advantage  for 
electric  propulsion.  The  matter  is  not  of  great  importance,  and 
I  will  refer  to  it  only  so  far  as  to  say  that  interpreting  my  own 
general  experience  and  some  special  tests,  the  adhesion  coefficient 
seems  not  increased  in  any  practical  degree  by  the  mere  passage 
of  the  current  from  wheel  to  rail. 

The  capacity  of  an  electric  engine,  like  that  of  a  steam  engine^ 
to  haul  any  given  load,  will  be  measured  by  the  tractive  effort 
possible  to  be  produced  and  the  relation  between  weight  and 
adhesion  for  given  track  conditions.  The  ready  multiplication 
of  cylinders  in  the  one  case  and  armatures  in  the  other,  while 
maintaining  mechanical  unity  as  to  drawbar  division,  and  the 
ready  coupling  of  distinct  locomotive  units,  renders  the  whole 
question  of  capacity  to  exert  a  given  horizontal  effort,  without 
regard  to  the  time   element,  unimportant   and   indefinite.^      It 

1  As  an  intcrcstiiiir  example  of  an  umi.sual  load  in  steam  service.  I  may  refer 
to  one  consislinsj  of  15()  loaded  cai"s  and  two  cabooses,  hauled  over  the  iMissis- 
fiippi  Valley  Itailway.  December,  l88o.     The  load  consisted  of — 

Pounds. 

Cotton  weighing 3,226,000 

Carsweighiug 3,239.000 

Engine  and  tender  weighing 147,00n 

6,612,00a 
Speed  was  about  10  miles  per  hour.  ^.^.^.^^^  ^^  GoOglc 
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goes  without  saying  that,  if  desired,  a  single  armature  may  be 
constnicted  capable  of  exerting  as  great  a  drawbar  strain  as  any 
locomotive  now  in  use. 

As  to  limiting  speeds,  it  is  not  easy  to-day  to  make  "  an  edu- 
cated guess"  either  for  steam  or  electric  propulsion.  The  high 
figures  for  steam  that  have  been  recently  presented,  both  from 
England  and  America,  are  higher  than  the  limiting  figures  as 
they  would  have  been  given  by  many  competent  authorities  only 
a  few  years  ago.  Eighty-six  miles  per  hour  in  England,  on  the 
Northeastern  Railway,  eighty-seven  miles  per  hour  in  this  coun- 
try on  the  Reading  Railway,  have  both  been  reported  since 
January  1,  1890.  These  runs  are  noteworthy,  not  only  for  the 
fact  of  unusual  speed,  but  because,  as  shown  by  indicator  cards 
in  the  English  case,  and  as  may  be  deduced  from  the  considera- 
tion of  the  maximum  cylinder  power  in  the  American  case,  the 
train  resistances  are  far  below  the  values  that  would  have  been 
predicted  by  even  the  most  liberal  of  the  received  fornml©  on 
the  subject.  The  total  resistance  per  ton,  as  per  indicutor  card 
in  the  8*>-milerun,  was  only  13.4  pounds.  According  to  Searles's 
formula,  adopted  by  Wellington,  it  should  be  69  pounds,  engine 
and  tender  being  taken  at  50  tons.  The  load  of  347  tons  was 
carried  at  8f>  miles  per  hour  by  an  expenditure  of  1,(6^  h.  p. — 
this  on  a  level.     The  engine  was  compound. 

Would  it  be  possible  to  attain  a  speed  twice  as  great,  or  say 
150  miles  per  hour  ? 

A  driver  24  feet  in  circumference  would  require  to  revolve  550 
times  per  minute  in  order  to  travel  13,200  feet  per  minute,  or 
150  miles  per  hour — this  without  slip.  Since  in  the  case  con- 
sidered the  revolutions  per  minute  reached  309,  and  since  in  the 
Reading  case  a  nmch  higher  rate  must  have  been  reached,  the 
drivers  being  smaller,  and  since  on  stationary  engines  a  speed 
much  above  550  revoli:t!(>ns  per  minute  has  been  attained,  it 
seems  beyond  question  ili:it  from  this  point  of  view  the  fcU])j)0hcd 
ease  is  quite  ])()ssible. 

(^onsiderhig  the  matter  of  steam  supply,  we  are  again  bnmglit 
to  con-ider  tlie  wliole  matter  of  train  resistances  at  all  Fj^eeds. 

Total  resistance  to  motion  should  be  sharply  divided  into  two 
classes:  the  resistance  due  to  motion  through  air,  and  tl'at  duo 
to  friction  and  blows  between  vehicle  and  track,  and  to  friction 
and  blows  bjj'wccn  parts  of  the  vehicle. 

For  the  most  part  those  who  constructed    the  formulae  nov/ 
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found  in  the  text-books,  worked  on  roadbeds  far  inferior  to  the 
best  work  of  to-day,  at  speeds  much  less  than  those  now  attained 
and  with  wrong  values  for  at  least  one  of  the  species  of  resist- 
ance, the  atmospheric.  On  this  point  I  have  recently  been  able 
to  present  as  the  result  of  experiments  at  high  velocities,  made 
by  Mr.  Benj.  J.  Dashiell,  Jr.,  and  myself,  a  formula  showing  the 
pressure  to  be  a  function  of  the  first,  instead  of  the  second, 
power  of  the  velocity,  as  ordinarily  assumed.  A  convenient  da- 
tum point  may  be  given  stating  that  at  10  >  miles  per  hour  the 
pressure  on  one  square  foot,  normal  to  the  direction  of  motion,  is 
13  pounds,  while  proper  shaping  of  the  front  may  reduce  this 
6.5  pounds. 

The  absolute  values  given,  while  corresponding  quite  closely 
with  those  of  received  formulee  in  the  neighborhood  of  the 
velocities  heretofore  experimentally  attained,  depart  widely  from 
those  assumed  for  velocities  higher  than  30  miles  per  hour,  and 
calculated  by  the  quadratic  relation  between  velocity  and  pres- 
sure. Using  the  more  trustworthy  values,  I  have  been  able  to 
separate  more  nearly  than  has  heretofore  been  possible  the  at- 
mospheric from  all  other  resistances  met  at  high  velocities.  Some 
inaccuracy  still  remains,  by  reason  of  the  diflSculty  of  obtaining 
exact  measure  of  the  resisting  areas  in  a  train,  but  I  have  been 
able  by  study  of  careful  tests  made  by  others  on  the  New  York 
Central  and  on  English  roads,  to  find  that  over  the  range  from 
about  4Q  up  to  80  miles  per  hour  the  tonnage  co-efficient  seems 
practically  constant  at  8  pounds.  This,  of  course,  applies  only 
to  first-class  roadbed  and  roUing-stock.  Whether  this  co-effieient 
remains  constant  at  higher  speeds  we  do  not  know.  There  is  no 
reason  to  assume,  as  has  often  been  done,  ti  at  it  increases  with 
the  square  of  the  velocity,  and  on  the  other  hand  it  will  not  be 
safe  to  assume  constancy.  Ywxn  expc riments  made  with  a  sin- 
gle 2.5  tons  car  at  about  100  miles  per  hour,  the  tonnage  resist- 
ance at  that  speed  seems  to  be  about  'iO  pounds  per  ton.  Thoui^h 
tins  value  seems  quite  high  as  compared  with  the  eight  pounds 
at  .^5  miles  per  hour,  the  difference  is  in  hirge  part  to  be  ex- 
plained by  the  ])Oor  condition  of  the  track  used  for  the  experi- 
ment and  a  constant  curvature  which  would  call  for  about  four 
pounds  per  ton.  Until  l)etter  evidence  can  be  had  it  will  be 
safe,  at  least,  to  assume  a  value  of  20  pounds  per  ton,  on  a  first- 
class  track,  with  good  rolling-stock,  at  125-150  miles  per  hour. 

Having  made  this  necessary  digression,  we  may  return  to  the 
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matter  of  steam  supply,  and  state  that  by  reducing  weight  and 
area,  both  to  something  less  than  one-half  the  original  values  in 
the  8t)  mile  run,  the  same  effort  would  produce  the  speed  1 50, 
instead  of  ^Q.  The  area  cannot  be  thus  reduced,  but  by  assuming 
a  greater  reduction  in  weight — say  to  100  tons,  or  to  little  more 
than  engine  and  tender—  maintenance  of  the  higher  speed  be- 
comes possible,  with  nearly  the  same  steam  expenditure  as  in  the 
recorded  case. 

To  attain  that  speed,  from  rest,  might  require  such  original 
weight  of  fuel  and  such  length  of  favorable  track  as  to  make  the 
feat  practically  impossible  with  steam.  This  leads  us  to  inquire 
into  the  dead  weight  necessary  for  hauling,  say  one  ton  at  differ- 
ent speeds. 

Table  I.  gives  the  horse-power  required  for  exerting  the  tract- 
ive eff<»rt  for  one  ton  at  various  speeds,  at  various  efficiencies, 
with  various  values  of  cross-section  per  ton,  and  with  the  two 
agents — steam  and  electricity  : 

Column  1  shows  speed  in  miles  per  hour  from  20  to  140; 
column  2,  corresponding  tonnage  co-efficient,  or  resistance,  in 
pounds  per  ton,  exclusive  of  atmospheric  resistance.  Columns 
3  to  8  inclusive,  show  horizontal  effoit  needed  for  overcoming 
atmospheric  resistance  under  various  assumptions  as  to  area 
exposed  per  ton,  from  1  square  foot  to  0.1  square  foot  per  ton. 
The  former  figure  corresponds  nearly  to  the  case  of  a  heavy 
locomotive  propelling  itself  alone.  As  load  is  put  on  behind  it, 
other  ra'ior>  are  formed.  Oblique  surfaces  are  supposed  to  be 
reduced  t.)  '^^uivalent  normal  surfaces.  Columes  9  to  14  inclu- 
sive, show  rate  of  work  in  horse-power  per  ton,  for  the  various 
cases  of  area  exposed  to  atmospheric  resistance,  efficiency  of 
locomotive  being  taken  at  90  per  cent.  Columns  15  to  17  in- 
clusive, show  horsepower  per  ton  for  the  extreme  and  middle 
cases  of  exposed  area,  and  for  locomotive  efficiency  of  80  per 
cent.  Columns  18  to  20  inclusive,  show  same  for  efficiency  of 
60  per  cent.  Columns  21  to  26  inclusive,  show  weight  of  coal 
and  water  per  ton  carried  for  one  hour,  assuming  5  lbs.  of  coal 
and  15  lbs.  water  per  horse-power  hour  on  a  steam  locomotive. 
The  coal  figure  is  very  close  to  actual  practice.  The  water  fig- 
ure is  less,  but  makes  allowance  for  scooping  water  at  conveni- 
ent intervals.  Continuous  scooping  is  not  considered  practical 
or  economical.  Columns  27  to  29  inclusive,  show  weight  of 
steam  locomotive  and  tender  required  to  generate  the  required 
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horse-power  per  ton,  under  the  assumption  of  100  pounds  per 
horse-power  and  9(»  per  cent,  efficiency.  Only  three  cases  of 
exposed  area  are  taken ;  that  is,  one  foot,  one-half  a  foot,  and 
one-tenth  of  a  foot  per  ton.  The  weight  of  steam  locomotives 
is  not  calculated  for  any  other  efficiency  figure  than  90  per  cent., 
as  this  seems  to  be  quite  constantly  attained  or  surpassed.  The 
assumption  of  100  pounds  per  horse-power  is  closely  true  for 
many  good  types  of  locomotive  when  working  at  speeds  from  60 
to  80  miles.  At  lower  speeds  this  figure  is  too  low,  but  it  is 
assumed  that  for  any  ruling  speed  engines  may  be  built  of 
minimum  weight  for  that  speed.  In  passing  through  lower 
than  ruling  speeds,  both  electric  and  steam  motors  work  at  low- 
output  per  pound  of  weight,  hence  the  assumption  of  constant 
weight  per  horse-power  will  not  introduce  error  materially  affect- 
ing comparative  results.  At  higher  speeds  than  80  miles  exist- 
ing  engines  would  show  less  than  lOo  pounds  per  horse-power; 
but  as  their  boiler  capacity  is  reached  at  that  speed,  the  neces- 
sary increase  for  any  regular  work  would  carry  the  weight  figure 
to  very  nearly  the  figure  given  for  the  60  to  80  mile  runnings 
Columns  30  to  32  sliow  weight  of  steam  locomotive  and  tender, 
plus  weight  of  fuel  and  water,  per  ton  hauled ;  also  weight  of 
load — freight  and  freight  car— that  may  be  hauled  by  such  weight 
of  motive  power ;  the  load  figures  being  obtained  by  subtracting 
the  motive  power  weights  from  2,000  pounds.  Columns  33  to 
41  show  corresponding  figures  for  electric  locomotives  under  the 
assumption  of  60  pounds  per  horse-power,  and  at  the  three  effi- 
ciencies; 90,  80  and  60  per  cent.  In  30  to  41  inclusive,  weight 
of  load  is  written  first,  weight  of  locomotive  (plus  tender,  fuel 
and  water  for  steam)  being  written  below. 

The  60  pounds  per  horse-power  covers  weight  of  containing 
car  for  motors.  I  cannot  here  go  into  detailed  figures  on  this 
point,  but  believe  that  any  investigation  will  find  the  figure  safe, 
supposing  always  that  the  unit  be,  ^ay  25  horse-power  or  more. 
I  also  know  of  experimental  work  now  progressing  under  most 
competent  direction,  which  gives  fair  promise  of  leaving  this 
figure  much  too  high.  Columns  42  to  53  inclusive,  show  the 
Jiorsc-powi'V  required  to  he  exerted  for  hmiUtuj  one  tan  of  load ^ 
i.  e,y  freight  and  freight  car,  the  relation  between  these  two  be- 
ing taken  as  the  same  for  either  steam  or  electric  propulsion ; 
hence  not  necessary  to  enter  here.  These  columns  apply  to 
steam  at  90  per  cent ,  and  to  electricity  at  90,  80  and  60  per 
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cent.,  and  for  the  three  cases  of  exposed  area.  They  are  readily 
obtained  from  the  previous  columns  by  making  allowance  for 
the  horse-power  necessary  to  haul  that  part  of  every  ton,  total 
weight,  which  must  go  into  motive  power,  machinery  and  fuel. 
Columns  54  to  62  inclusive,  show  the  ratios  hetween  horse-po^er 
required  hy  the  two  dgents  for  haulmg  a  ton  of  load  {freight 
ami  freight  car)  at  the  di^erent  speeds^  efficiencies  amd  a/rea 
relations. 

It  is  plain  that  if  we  can  now  obtain  the  ratio  of  cost  per 
horse-power,  as  given  by  the  two  agents,  in  the  corresponding 
cases,  we  can  easily  determine  the  speeds  at  which  the  one  or  the 
other  agent  becomes  the  most  economical. 

Let  us  first  obtain  the  cost  in  electric  propulsion. 

For  this,  form  table  II.,  showing  the  elements  in  the  cost  of 
one  horse-power  in  stations  of  various  capacity — from  100  to  3,000 
horse-power.     Engineers  and  dynamo-men  are  assumed  to  re- 


TABLE  II. 

BLEMBNTS  OP  THB  COST  OP  ONB  H.  P.  HOUR,  BLBCTRIC,  IN  CBNTS. 


Capacity.. 


300'    500     8001,000  1,50012,000 1 3, 000 


Engineer 0.4     jo.  13 

Fireman 0.3      o.io 


0.08   jo.05   10.04    0-04    <>>'^ 

0.06     I0.O37  ;0.03      0.03     lo.C 


Dynamo  man 10.4     b.13  ^         .    ,      .    ,      . 

Helper 0.25    0.08    0.05    0.0310.0250.09510.035 


0.04 
0.03 
0.04 


0.04 
0.03 
0.04 


5,000 16,000 

0.04   1 0.04 

0.03    0.03 

0.04   {0.04 

0.025  0.025 


5,037  ;o-o3    0-03    0-03 
0.08   {O.05    0.04    0.04    0.04 
0.05    0.031  0.025  0.025  'o'Oas  0-025  0.025 
Superintendence    ...  0.30    o.io    0.06    0.037,0.03   I0.02    0.0x5 'o.ooi  o.ooi  cooz  jo.oox 

Coal    0.475  0.475  0.475  'o-475  jo  475  0.475  0.475  10.475  |0.475  0.475  0.475 

Oil,  waste  and  water.  0.15    0.15    0.15   .0.15   .0.15    0.15   ,0.15    0.15    0.15    0.15    0.15 
Interest  and  deprecia-  I  '  I  i 

tion  steam  plant.. . .  0.057  '0.051  '0.044  0.033  0.028  |o.o23  0.022  ^0.022  ,0.023  0.03a  0.022 
Djtto  electric  plant. .  .0.057  0.051  jo.044  I0.033  '0.028  0.022  0.022  !o.022  ,0.022  |o.c22  0.022 
Ditto  building 0.028  0.026  0.022  0.168  0.0x4  o.ozz  o.oii  o.oii  '0.0x1  o.oix  o.oxi 


ceive  40  cents  per  hour,  and  to  superintend  a  maximum  of  1,000 
horse-power.  This  would  produce,  in  some  crises,  fractional  en- 
gineers, as  for  a  1,500  horse-power  plant,  but  such  complication 
has  been  avoided  by  assuming  a  constant  value  ])er  unit  of  power, 
in  the  pay-roll  element  in  plants  exceeding  1, ()()()  horse-power. 
Firemen  and  helpers  are  taken  at  30  and  25  cents  per  hour,  re- 
spectively. Superintendence,  at  30  cents  per  hour,  is  api)ar- 
ently  low,  but  is  equivalent  to  (JO  cents  for  daylight  Lours,  since 
the  plant  is  able  to  run  24  hours  with  the  same  general  super- 
intendence as  for  12  hours.  It  is  further  supposed  that  the  total 
of  this  item  will  not  require  increase  until  the  capacity  reaches 
3,000  horse-power,  beyond  which  it  remains  constant  per  unit 
of  power.     As  no  other  element  of  cost  is  supposed  to  vary  be- 
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jond  this  point,  the  table  shows  here  a  ininimam  total  cost  per 
unit,  and  a  constant  cost  beyond  it. 

Coal  is  assumed  to  cost  $3.00  per  ton,  and  to  be  consumed  at 
the  rate  of  3.2  pounds  per  electric  horse-power  hour  in  the 
dynamo.  A  very  slight  error  is  made  in  taking  the  rate  of  con- 
sumption as  constant  while  changing  the  capacity  of  the  engines. 

Cost  of  steam  plant  is  taken  to  vary  from  $50  per  horse-power 
in  a  small  plant  to  $20  in  a  plant  of  1,500  horse-power. 
This  latter  figure  may  seem  too  low  to  some,  but  I  have  recently 
seen  the  figures  for  an  800  horse-power  plant,  in  a  neighboring 
Massachusetts  city,  which  cost,  in  place,  at  the  rate  of  $22  per 
horse-power. 

Dynamo  plant  is  taken  to  vary  from  $50  to  $20  per  horse- 
power in  going  from  loo  to  l,no0  liorse-power.  1  know  that 
machinery  of  good  design  can  be  manufactured  for  these 
prices. 

The  cost  of  buildings  is  taken  to  vary  from  $25  to  $1()  per 
horse-power.  This  is  the  most  indefinite  item.  Interest,  main- 
tenance and  taxes  are  roundly  assumed  at  10  per  cent,  per  annum 
on  the  whole  plant. 

With  Table  II.  as  a  ba>i8,  Table  III.  has  been  calculated,  giv- 


TABLE  III. 

TOTAL  COSr  OK 

ONE  H.  P. 

HOUR. 

li 

g* 

U   V 

JiA 

Capacity  of  Station. 
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o 
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i.oj 

0.08 

0.936 

0.026 

0  QO 

*' 

12 

3-42 

'•73 

^'H 

i'i3 

1.06 

i.O':>o 

o.i,8 

0.9^ 

1? 

24 

3"9 

1-57 

i.>6 

1.04 

0  96 

0.925 

0  91 

0.89 

18 

342 

1.68 

'•-^^ 

1.0; 

1   UI 

0.05= 

o.;4 

0.91 

" 

12 

3-82 

i.S>> 

1.48 

I  19 

1.09 

1.02 

I.OI 

097 

6) 

24 

3.62 

'•73 

1.36 

I. II 

I.OI 

0-975 

0.96 

0.94 

" 

18 

3.85 

1.85 

1.44 

1.16 

1.06 

I.OI  5 

I.OO 

0965 

*' 

12 

4-31 

2. 1 1 

1.63 

1.30 

1. 17 

1.085 

1.07 

I.OI  5 

}? 

»4 

4.22 

1-95 

I.S2 

I  20 

1. 10 

1.045 

1.03 

1.00 

18 

4-5'> 

2.n> 

..61 

I  27 

1. 15 

1.09 
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1.28 
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40 

24 

5.11 

2.28 

1-73 

1.35 

1.21 

»iS 

1.13 

I.ZO 

" 

18 

5-47 

2.4S 

1.88 

»-44 

1.33 

liai 

I. as 

'•*Z 

" 

12 

«;.2  > 

2.b2 

2.17 

1.64 

1.50 

1-35 

Z.28 

30 

24 

(5.63 

2.84 

2.10 

1-59 

1.40 

1.325 

1.30 

i.a6 

18 

1:5 

302 

2.27 

'7J 

1-51 

X.40 

1.38 

T.sa 

12 

3.52 

2.65 

1.98 

^■73 

1.57 

1-54 

'•44 

Digitized  by  VjOOQIC 


1890.]  CB08B7  ON  TRANSPORTATION,  275 

ing  total  cost  per  horse-power  hour  in  stations  of  various  capaci- 
ties, working  at  various  percentages  of  full  capacity  and  for  24,. 
18  and  12  hours  per  day,  respectively. 

A  glance  at  the  table  shows  that  in  a  100  horse-power  plant 
the  cost  varies  from  2.42  cents  for  a  24  hour  run  at  full  capacity, 
to  8.06  cents  for  a  3o  per  cent,  output  continued  only  12  hours 
per  day. 

This  extreme  case  would  doubtless  be  ameliorated  by  dropping 
the  superintendence  and  combining  engineer  and  fireman — though 
to  this  the  unions  might  object.  This  capacity  is  smaller  than 
need  be  considered  for  any  steam-line  service. 

The  minimum  cost  given  by  the  table  is  0.816  cent ;  this  for 
a  3,000  horse-power  plant,  working  full  capacity  24  hours  per 
day. 

The  next  element  of  cost — that  of  the  conductors  for  the  cur- 
rent— is  obtained  from  Table  IV.  showing  investment  in  dollar& 
for  the  copper  required  to  transmit  one  horse-power  a  distance  of 
one  mile,  at  varying  initial  and  final  pressures.  The  constants 
for  this  table  were  thus  obtained :  Taking  a  well-known  line  wire, 
I  find  that  from  No.  4  to  No.  000  B.  W.  G.,  the  average  weight 
ratio  of  insulated  to  bare  wire,  per  unit  of  length,  equals  0.844. 
When  bare  copper  sells  at  15  cents,  this  insulated  wire  sells  at 
20  cents  =  22.5  cents  on  the  copper  alone,  when  insulated.  If, 
therefore,  we  take  copper  at  25  cents  per  pound  we  provide  for 
a  very  good  insulation.  The  cost  of  one  mil-mile  is  thus  found 
to  be  $0,004.  Combining  this  with  the  familiar  formula. 
16,600  X  h.  p.  transmitted  X  distance  in  feet. 
E.  M.  F.  at  motor  X  volts  lost  on  line  X  motor  effi- 
ciency, 
the  tabulated  values  have  been  determined  from  the  resulting 
formula : 

760,320 

Cost  =  jj^rvyv'  ^^^ 

in  which  ^  =  e.  m.  f.  at  station,  V  =  volts  lost  on  line ;  motor 
efficiency  is  taken  at  90  per  cent,  and  distance  at  5,280  feet. 
The  tabular  figures  give  the  investment.  To  reduce  to  actual 
cost  per  horse-power  hour,  rate  of  interest  and  depreciation,  and 
ratio  between  power  transmitted  and  power  possible  to  be  trans- 
mitted must  be  had.  For  one  year  the  possible  horse-power 
hours  —  365  X  24.  Take  annual  interest  and  depreciation  at 
1-16  the  investment  and  ratio  of  actual  to  possible  power  trans- 
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initted  per  annum  at  1.0,  0.8,  0.6,  0.4,  0.2,  0.1,  0.05,  then  the 

divisor  of  the  tabular  number  becomes  140,160,  112,128,  84,096, 

52,064,  28,032,  14,026  and  7,008  respectively. 

It  remains  to  obtain  values  for  the  distance  of  transmission. 

Let      n  =  number  of  miles  of  line  supplied  from  one  station. 

h  =  horse-power  required  for  unit  locomotive. 

K -^  maximum   number   locomotives  per  mile  at  any 

time. 

n  h  K=  total  power  to  be  transmitted  at  time  of  K, 

A  =  percentage  of  dynamo  power  lost  on  line. 

n  h  K 
.> A  =  maximum  power  to  be  generated. 

-!LAj^w^_=  "  "      lost  on  line. 

100— J '^100 

b  =  cost  in  cents  of  generating  one   horse-power  hour  in 

station. 
r  =  ratio  of  average  power  required  to  maximum  power  re- 
quired. 
Z  =  interest  and  depreciation  on  supporting  structure. 
This  last  may  be  omitted  from  the  calculation,  determining 
division  of  line  into  section,  since  it  remains  the  same,  whatever 
that  division  may  be.     Omitting  this,  the  expression  for  cost  of 
transmission  becomes : 

_       760,320  n^  h  Kr  hnh  KA 

Cost  —  />_  Tr\  TT  w  14.0  \a(\  + 


{E—  V)  Vx  140,160  "T"  r(\i)y}—A)  100 
_  5.4-2  7i«  A /iTr   ,       hnhKA 

{E—  F)  V  +  r  (100—^1)  100  (^) 

Supposing  that  the  time  schedule  of  trains,  horse-power  re- 
quired per  train,  and  efficiency  of  motors  be  known,  and  that  the 
initial  e.  m.  f.  be  in  all  cases  taken  as  high  as  the  state  of  the  art 
permits,  the  only  variables  remaining  in  this  expression  are  /2,  J 
and  A,  This  latter,  the  value  for  the  drop  on  the  line,  will  gen- 
erally be  determined  by  conditions  other  than  those  of  strictest 
economy,  as  shown  by  getting  a  minimum  value  for  cost  of 
transmission.  We  must  have  a  reasonably  uniform  e.  m.  f  all 
along  the  line,  in  order  that  the  motors  may  work  satisfactorily. 
It  will  not  be  wide  of  the  mark  to  assume  10  per  cent,  as  a 
limiting  variation  of  line  potential.  This  is  the  figure  general- 
ly assumed  in  calculating  wire  for  street  railways. 

The  cost  of  one  h.  p.  hour  J  must  vary  with  the  capacity  and 
conditions  of  working  of  the  station ;   hence  it  is  a  f  miction  of, 
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n — L  e.j  length  of  unit  section,  of  Aj  and  of  that  inexpressible 
variable —  the  conditions  of  the  service.  This  stands  in  the  way 
of  obtaining  any  perfectly  general  definite  expression  for  n, 
which,  but  for  this,  would  result  from  placing  the  first  differential 
coeflicient  of  C,  with  respect  to  n,  equal  to  zero,  and  solving  to 
find  the  value  of  n,  giving  a  minimum  value  for  C.  If  trains 
be  run  at  very  short  intervals,  increase  of  n  would  be  followed 
by  proportional  increase  in  capacity  of  station;  but,  as  above 
shown,  this  need  not  go  beyond  3,000  h.  p.  unless  the  service  be 
so  heavy  as  to  require  practically  contiguous  stations  of  that  cap- 
acity. If  we  suppose  a  case  of  this  short-interval  service,  so 
short  that  a  change  in  71,  will  not  be  followed  by  any  change  at 
the  station  in  the  relation  between  maximum  capacity  and  aver- 


MHiigHMgg||i|iiiiiilii2l-3i| 


OAPAOITY  IN  HORSE  POWER 


age  output,  or  in  the  number  of  working  hours,  but  only  in  the 
normal  capacity,  the  relation  between  b  and  n  for  two  cases  of 
average  output  and  working  hours  is  shown  by  Fig.  1.  The 
equation  of  the  50  per  cent,  curve  from  200  to  1,000  h.  p.  seems 
to  be  very  nearly 

^_n^— 98/1 -f  1,000 
12  (71—100)  ' 
If  the  trains  be  run  at  very  long  intervals,  we  may  require  no 
greater  station  capacity  for  20  than  for  10-mile  sections;  but  the 
relation  of  output  to  normal  capacity  will  vary,  and  possibly  the 
number  of  hours  during  which  the  working  force  would  require 
to  be  kept  on  pay. 
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Taking  the  case  of  a  change  on  average  output  only,  for  a 
1,000  h.  p.  station,  we  have  the  curves  in  Fig.  2,  for  24, 18  and 
12  hours'  work.  The  equations  are  nearly  of  the  same  form,  and 
are  approximately  the  equations  of  arcs  of  circles  referred  to  an 
origin  outside  the  circle.  But  each  would  contain  different  con- 
stants, and  would  vary  more  or  less  from  the  exact  formula  for 
the  circle. 

If,  in  the  application  to  a  particular  case,  the  algebraic  expres- 
sion for  J,  above  given,  or  any  other  resulting  from  any  of  the . 
possible  progressions  through  Table  III.,  be  substituted  in  £q.  2, 
we  may,  by  difEerentiation,  solve  that  particular  case  for  the 
most  economical  value  of  n.  If  the  relation  between  h  and  n 
cannot  be  algebraically  expressed,  then  the  proper  value  for  n 
may  be  determined  by  a  few  trial  values,  the  corresponding 
values  of  h  being  taken  from  the  table. 


.4  '.»  ibt.  1.1  iJk  u  u  a  u  i.i  I J 

COST  PER  H.  P.  PER  HOUR  RUN 


For  the  present  purposes  of  comparison,  we  will  assume  a  case 
not  more  favorable  than  might  often  be  met  on  busy  steam  lines, 
i,  e.j  a  station  of  2,000  h.  p.  normal  capacity,  working  18  hours 
per  day  at  40  per  cent,  of  its  normal  output,  the  cost  per  horse- 
power being  1.25  cents. 

To  obtain  the  cost  of  the  line,  we  will  assume  that  the  average 
distance  of  transmission  is  five  miles.  This  would  correspond  to 
one  station  for  every  twenty  miles  of  road.  We  wiU  also  assume 
5,000  volts  initial  e.  m.  f.  and  10  per  cent.  drop.  From  Table 
TV,  the  copper  investment  is  found  to  be  34  cents  for  one 
mile.  Then  for  five  miles  the  investment  equals  $8.50.  Making 
assumptions  as  to  service  corresponding  to  those  for  the  station, 
we  have  cost  of  one  horse-power  equaling  $8.50-7-20,000—0.042 
cent. 
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The  structure  for  carrying  the  conductors  may  be  built  for 
$2.^00  per  mile.  Interest  and  depreciation  would  then  become 
$200  per  annum.  This  total  is  almost  wholly  independent  of  the 
power  transmitted,  hence  the  cost  per  unit  of  power  will  vary 
directly  with  the  number  of  units  transmitted.  Assuming  a  con- 
stant distribution  of  one  500  h.  p.  train  for  every  20  miles  of  line, 
we  have  the  cost  of  this  item  for  I  h.  p.  hour : 

20,000  ~-  365x24x25—0.09  cent. 

Reaching  the  locomotive,  we  must  add,  supposing  an  average 
output  of  500  h.  p.,  O.OS  and  0.06  cent  respectively  for  driver 
and  his  assistant.  The  latter  is  necessary  only  as  a  substitute  for 
his  principal  in  case  of  emergency,  but  as  such  he  would  doubt- 
less always  be  placed  on  trains  of  considerable  value. 

Repair  on  electric  locomotives  is  not  as  yet  well  defined.  That 
the  repair  bill  must  be  far  less  than  in  the  case  of  steam  locomo- 
tives follows  almost  necessarily  from  the  great  reduction  in  the 
numbsr  of  parts,  especially  of  moving  parts. 

From  Mr.  Arthur  Wellington's  very  valuable  work  on  rail- 
ways, I  take  the  figures  showing  percentage  distribution  of 
locomotive  repairs  by  parts. 

Boiler,  20  per  cent.;  running  gear,  20  per  cent.;  machinery,  30 
per  cent.;  lagging  and  painting,  12  per  cent.;  smoke  box,  etc.,  5 
per  cent.;  tender  (running  gear,  10  per  cent.;  body  and  tank,  3 
per  cent.)  13  per  cent.;  total,  lOO  per  cent. 

Of  these  items  we  may  at  once,  and  with  certainty,  strike  out 
boiler,  smoke-box,  etc.,  and  tender,  thus  dropping  38  per  cent,  of 
the  total.  Having  no  boiler  to  carry,  the  running  gear  will  be 
less  in  quantity. 

The  wear  will  be  less,  due  to  the  use  of  rotary  instead  of  re- 
ciprocating eflFort.  It  will  then  be  fair  to  reduce  this  item  by 
half,  making;  another  saving  of  10  per  cent  So  in  the  machinery 
item,  there  can  be  no  question  that  with  the  rapid  advance 
toward  slow-speed  motors,  reducing  gearing,  and  sounder  insu- 
lation methods,  the  great  advantage  of  having  only  one  in(yving 
pat't  in  the  motor  itself  must  operate  to  very  largely  reduce  the 
repair  figure,  probably  to  half  its  value  in  a  steam  locomotive, 
leaving  it  at  15  per  cent.  In  lagging  and  painting,  the  omission 
of  boiler  and  other  parts  must  again  effect  a  reduction,  say  to  6 
p3r  cent.  The  total  reduction  thus  plainly  indicated  must  be 
then  very  nearly  70  per  cent. 

The  actual  cost  of  repairs  to-day  on  steam  locomotives  is,  on 
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the  P.  R.  E.  nearly  0.Y5  per  h.  p.  hour,  as  will  later  appear. 
Keducing  as  above,  this  figure  becomes  0.22  cent  for  electric 
traction.  This  refers  to  engines  of  considerable  power ;  say  from 
4^0  to  1,000  h.  p.  capacity.  The  figure  for  both  steam  and  elec- 
tric motors  would  go  up  for  smaller  powers. 

The  interest  charge  results  from  considering  the  cost  of  an 
electric  locomotive  as  $50  per  h.  p.  and  the  duty  as  six  hours  per 
day  full  capacity.  The  average  duty  of  steam  locomotives  is  only 
about  three  hours.  The  higher  figure  results  from  a  smaller 
number  of  repairs  necessary,  due  to  greater  simplicity  of  parts, 
Then 


Interest  for  h.  p.  hour 


50.00X0.05 


=  0.1 1  cent. 


365X6 

Before  summarizing  we  must  know  something  of  the  eflSciency 
of  the  system.  If  the  locomotive  be  of  90  per  cent.,  or  80  per 
cent.,  or  60  per  cent,  efficiency,  we  must  generate,  respectively. 
1.25,  1.4,  and  1.85  h.  p.  hour  in  the  station  for  every  h.  p  hour 
actually  delivered  to  drivers,  line  loss  being  supposed  constant  at 
10  per  cent.)  We  should  then  have  in  the  station  1.56, 1.75  and 
2.30  cents,  respectively. 

Then,  for  total : 


Station. 

Conductor  system 

Strncture  for  same  

Wages. 

Repairs 

Interest 

I.S6 
0.04a 
0.09 
0.14 

0.92 
O.II 

»-75 
0.04 
0.09 
0.14 
o.aa 

O.XI 

3.30 
0.04 
0.09 
0.14 
o.aa 

O.IX 

Total 

a.i6 

a.35 

a.90 

Of  the  whole  amount,  it  is  to  be  noted  that  the  station  item  is 
three-fourths.  Taking  the  most  favorable  case  shown  by  the 
table, — 3,000  h.  p.  capacity,  working  for  24  hours  at  100  per  cent, 
of  capacity — those  figures  become  1.5, 1.62  and  2.00  cents  nearly, 
the  reductions  in  the  other  items  being  still  a  little  indefinite, 
without  making  another  series  of  independent  assumptions. 

The  cost  of  one  h.  p.  hour,  excited  by  steam  locomotives,  is  to 
be  obtained  only  by  some  circumlocution,  the  reports  of  cost 
being  based  on  train-mile.  As  quoted  by  Wellington,  the  coal 
consumed  per  passenger  train-mile  on  the  Pennsylvania  Railroad 
is  very  closely  50  pounds,' and  an  average  performance  will  show 
6  pounds  coal  per  h.  p.  hour,  while  under  way.  This  shows  that 
one  train-mile  equals  10  A.  p.  hours.  The  coal  consumption  for 
a  freight  train-mile  is  much  higher,  but  the  divisor  would  also  be 
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liigher,  on  account  of  the  greater  number  of  stops,  or  at  least  of 
backing  and  switching,  and  greater  delays  while  on  a  trip,  thus 
increasing  waste  of  coal. 

Again,  the  Pennsylvania  Railroad  reports  show  cost  of  fuel 
per  train-mile  of  5  cents.  The  cost  of  coal  to  that  company,  as 
nearly  as  I  can  learn,  is  about  $1.50  per  ton.  Hence  it  would 
appear  that  66  pounds  per  train-mile  are  consumed.  As  the 
terminal  losses  of  fuel  and  delay  (getting  up  steam  and  drawing 
fires,  etc.)  are  known  to  be  in  the  neighborhood  of  25  per  cent, 
of  the  total  consumption,  we  have  6.6  (pounds)  as  the  divisor, 
and  the  same  ratio  again  appears. 

The  cost  of  one  train-mile — as  to  motor  power  alone — ^is  given 
by  the  Pennsylvania  Eailroad  as  22  cents.  And  this  is  practically 
equal  to  the  average  for  the  United  States.  The  itemized  state- 
ment is  very  carefully  made  up,  and  seems  to  cover  everything 
except  interest  on  the  engine  investment. 

Knowing  the  annual  mileage  per  locomotive  to  be  about 
20,000  and  the  cost  to  be  $10,000,  interest  charge  per  train-mile 
(not  quite,  but  nearly,  equivalent  to  engine  mile)  becomes  2.7 
cents.  Total  cost  becomes  24.7  cents,  or  2.47  cents  per  h.  p. 
hour. 

We  may  safely  use  this  figure  in  the  comparison  to  be  made, 
since  any  positive  error  in  the  calculation  of  coal  per  h.  p.  hour, 
or  negative  error  in  h.  p.  hours  per  train-mile,  will  be  oflFset  by 
the  difference  in  cost  of  coal  per  ton  to  the  P.  R.  R.  as  compared 
with  the  value  assumed  in  Table  III. 

At  $3,  instead  of  $1.50,  the  fuel  item  would  be  10  cents  and 
the  total  motive  power  29.5  cents.  Leaving  the  statistics  of 
actual  cost,  we  may  reach,  by  the  method  of  Table  III.,  nearly 
the  same  figure,  considering  the  locomotive  as  a  1,000  h.  p.  steam 
plant,  of  low  first  cost,  burning  6  lbs.  of  coal  per  h.  p.  hour,  and 
working  at  one-third  capacity  for  about  three  hours  per  day.  The 
result  thus  reached  is  about  10  per  cent,  higher,  but  the  2.47 
cents  seem  most  reliable. 

These  values  multiplied  into  the  corresponding  values  in  the 
last  nine  columns  of  Table  I.,  give  the  following  values  of: 
Power  units,  steam  cost  per  unit,  steam. 

Power  units,  electric       cost  per  unit,  electric. 

This  value.  Table  Y.,  being  greater  than  unity  indicates  greater 
economy  by  electricity  than  by  steam,  and  vice  versa. 

A  glance  at  the  table  shows  the  dominating  necessity  of  in- 
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TABLE  V. 
Ratios  afc&st  of  motivt  p<nver. 


Efficiency  of  electric 

zo  per  cent. 

20  per  cent. 

40  per  cent. 

engine. 

Tonnage  and  area 
reUtion. 

2&3   a&5 

1 

a&8 

2  &  3 

2&5 

2&8 

2&3 

2&S 

2&8 

Speed. 

1x5 

i.x6 

1.16 

0.93 

0.85 

0.85 

0.56 

0.56 

30 

0.55 

t 

X.19 

X.19 

1.17 

0.95 

0.95 

0.9s 

0.57 

057 

0.56 

1.25 

X.24 

1.19 

x.oo 

X.00 

0.95 

0.58      0  58 

0  56 

80 

;:|i 

x.3a 

1.22 

1.07 

X.03 

0.94 

0.59      0.C9 

0.57 

xoo 

X.42 

1.3a 

\% 

x.ao 

X.05 

0.66      0.65 

0.59 

xao 

a.57 

1-94 

».47 

l:g 

113 

0.80 

0.78 

0.64 

X40 

X0.03  '  3.82 

X.87 

7-35 

X.46 

2.72 

X.36 

0.7a 

creasing  the  efficiency  of  the  mechaniBm  delivering  energy  from 
the  electric  line  to  the  vehicle.  We  cannot  count  upon  a  higher 
efficiency  than  90  per  cent,  for  the  motor.  Hence,  save  in  the 
case  of  putting  the  armature  directly  on  the  axle,  we  cannot  hope 
to  reduce  the  total  loss  to  less  than  20  per  cent. — a  case  permitting 
one  set  (i.  ^.,  two  gears)  of  spur  gearing  between  armature  and 
axle.  As  the  ordinary  relation  between  tonnage  and  resisting 
area  will  lie  between  the  second  and  third  columns  of  each  effi 
ciency  table,  it  appears  that  with  a  20  per  cent,  loss,  electricity  be- 
comes cheaper  than  steam  at  about  70  miles  per  hour. 

In  the  case  of  40  per  cent,  loss  our  new  agent  betters  the  old 
only  at  140  miles  per  hour.  And  yet  this  loss — 40  per  cent. — is 
about  the  best  we  do  with  our  present  systems  of  electric  pro- 
pulsion. This  appears  from  the  following  tabulation  of  results 
obtained  by  me  on  the  Brooklyn  &  Jamaica  Electric  Railway, 
Table  VI. 

Considering  the  very  short  life  of  the  art,  these  results  are  ex- 
cellent. Indeed,  excellence  is  shown  in  the  mere  fact  of  success 
in  competing  with  horses  under  conditions  very  trying  for  any 
mechanism  not  made  of  india-rubber  or  whit-leather.  How  great 
that  success  has  been  I  need  not  here  proclaim.  But  the  steam 
locomotive  is  a  foeman  more  worthy  of  our  steel,  or  rather  of  our 
annealed  soft  iron,  and  99  per  cent,  copper. 

Consideration  of  aU  that  precedes  leads  to  the  following  general 
conclusions : 

1.  A  slow-speed  armature  placed  on  the  car  axle  would  place 
the  electric  motor  in  the  lead  at  all  service  speeds. 

2.  For  speeds  above  70  miles  per  hour  an  electric  motor  of  90 
per  cent,  efficiency,  working  through  gearing  of^O  perj  cent. 
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efficiency  would  prove  more  economical  than  the  steam  locomo- 
tive— save  in  cases  of  very  infrequent  service  on  very  long  lines. 

3.  On  lines  for  heavy  traffic,  steam  would  be  more  economical 
than  electricity  if  motor  and  gearing  have  a  combined  efficiency 
as  low  as  60  per  cent.,  up  to  100  miles  per  hour. 

4.  At  speeds  of  100  miles  per  hour  and  upward,  neither  steam 
at  90  per  cent,  nor  electric  apparatus  at  60  per  cent,  efficiency  is 
commercially  practicable. 

6.  Inasmuch  as  the  saving  of  coal  in  stationary,  as  compared 
with  locomotive  engines,  is  one  of  the  chief  causes  of  the  greater 
economy  of  electric  propulsion,  at  any  speed,  this  advantage  will 
increase  with  that  difference  and  also  with  the  price  of  coal. 

6.  Any  cause  other  than  inefficiency  of  motor  which  increases 
the  power  required  to  haul  a  ton  of  freight,  increases  the  ad- 
vantages of  electricity,  since  it  enlarges  the  value  of  the  coal 
difference  and  the  dead-weight  difference. 

Thus,  bad  roadways  and  large  areas  exposed  to  atmospheric 
resistance,  as  in  street  railway  work,  lower  the  speed  at  which 
electric  motors  of  any  efficiency  become  cheaper  than  steam. 

7.  In  descending  to  small  locomotive  units,  the  electric  motor 
loses  less,  relatively,  of  its  advantage — another  reason  for  success 
on  street  lines. 

8.  Multiplying  the  number  of  motors  should  be,  as  far  as 
possible,  avoided. 

9.  In  special  cases  cleanliness  and  compactness  of  electric 
machinery  may  be  of  great  value ;  in  case  of  very  frequent  stops, 
the  possibility  of  returning  to  the  line  the  energy  now  wasted  in 
l)rakes  may  be  of  considerable  value.  This,  however,  can  be 
obtained  only  by  sacrifice  in  the  matter  of  dead- weight,  as  normal 
working  is  implied  to  be  at  comparatively  low  magnetization. 
Loss  due  to  low  efficiency  in  starting  can  scarcely  be  avoided 
either  in  steam  or  electric  engines. 

10.  Other  minor  pros  and  cons  may  be  enumerated,  but  I  believe 
that  in  considering  the  general  economic  results  of  the  two 
systems  we  reach  more  definite  conclusions. 

While  only  one  condition  of  station  working  has  been  taken 
for  final  comparison,  that  case  is  an  average  one,  and  comparative 
results  would  be  but  slightly  affected  by  ordinary  varations  Ex- 
treme cases  may  be  readily  determined  from  the  tables  and 
formulae  presented. 

11.  Some  difference  of  opinion  as  to  the  proper  values  for  the 
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yarious  confltants  are  to  be  expected,  but  I  believe  these  dif- 
ferences, taken  all  along  the  line,  would  nearly  balance  between 
positives  and  negatives,  leaving  the  general  results  and  the 
method  unchanged. 

Whether  these  conclusions  be  accepted  or  not,  I  believe  the 
tables  and  formulsB  here  presented  will  be  found  valuable. 

Discussion. 

The  Pbesident  : — I  am  sure  we  have  all  been  very  much 
gratified  in  listening  to  this  extremely  interesting  paper  upon  a 
question  that  is  certainly  a  live  issue,  if  there  is  a  live  issue  at 
the  present  day.  We  should  be  glad  to  hear  any  remarks  upon 
it.     The  paper  is  now  before  you  for  discussion. 

Dr.  Louis  Bell  : — I  wish  to  state  one  point  in  addition  to 
what  Mr.  Crosby  has  mentioned  in  his  very  exhaustive  paper, 
and  tliat  is  that  the  electrical  difficulties  with  which  we  have  to 
contend  in  street  car  work,  which  have  made  it  so  difficult 
for  electricians  to  get  good  efficiencies  and  low  repairs — nearly 
all  disappear  when  we  come  to  these  high  speeds,  due  to  the  fact 
that  we  can  put  the  motor  directly  on  the  axle,  doing  away 
with  the  gearing,  which,  as  you  say,  involves  a  loss  of  40  per 
cent,  in  efficiency.  Furthermore,  with  the  powers  reouired,  that 
is  from  400  to  1,000  horse-power,  there  is  no  sort  of  difficulty  in 
building  the  motor  of  a  higher  efficiency,  and  at  the  same  time 
putting  it  directly  on  the  axle,  the  speed  required  to  drive  an 
express  train  from  40  to  ^'O  miles  per  hour,  being  in  a  general 
way  from  500  to  550  turns  a  minute,  which  for  a  motor  of  the 
size  involved  is  not  a  necessarily  low  speed.  A  400  horse-power 
motor  would  naturally  be  made  to  run  somewhere  near  50()  revo- 
lutions— not  much  in  excess  of  that— so  that  there  aripes  no  diffi- 
culty in  placing  the  motor  directly  on  the  axle,  a  condition 
which  can  at  present  be  fulfilled,  if  at  all,  only  with  immense 
difficulty  in  street  car  service.  The  electrical  difficulties,  there- 
fore, very  largely  disappear  for  the  reason  that  the  motor  required 
for  express  service  upon  railroads  would  be  so  large  that  it  could 
be  made  to  run  at  as  low  a  speed  as  is  required  for  express  service 
and  at  the  same  time  have  a  high  efficiency.  I  do  not  think 
that  any  man  who  is  used  to  the  designing  of  large  electrical 
machinery  would  hesitate  to  design  a  four  pole  machine  to  reach 
500  revolutions  and  develop  400  norse-power  at  an  efficiency  of 
85  per  cent,  which  would  give  electricity  an  ecpal  elunice  with 
steam.  Furthermore  at  thcFc  sneeds  with  large  motors  they  will 
not  be  placed  under  the  car  in  tlie  dii  t  and  dust  and  wet,  but 
will  be  placed  where  they  can  be  protected,  £0  that  there  is  no 
reason  apparent  on  the  face  of  it  why  a  300  or  400  or  500  horse- 
power motor  should  not  be  operated  with  the  same  efficiencv, 
with  the  same  freedom  from  repairs,  with  the  same  ease  as  \v  e 
now  operate  large  dynamos  in  a  central  station.  C^ r\r\cs\c> 
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Mr.  F.  L.  Pope  : — ^In  my  opinion  the  hiffh-speed  locomotive 
of  the  future  will  not  be  managed  by  an  intelligent  man  who  goes 
with  it,  but  will  be  handled  from  the  ground  by  men  placed  at 
short  intervals  along  the  line  to  guard  against  obstructions  of  all 
kinds,  and  who  wilfbe  able  simply  by  taking  a  pair  of  nippers 
and  cutting  a  small  wire  running  along  the  tract  to  bring  any 
train  to  a  stand  on  any  section  in  a  few  moments  automaticallv, 
if  they  discover  anything  the  matter  with  the  track  or  any  od- 
struction  in  the  way.  It  is  rather  difficult  to  imagine  what  an 
engine-man,  goin^  at  that  rate  of  speed,  would  be  able  to  do  if 
he  did  see  anvthmg  in  the  way,  because  he  would  get  to  it 
almost  before  he  saw  it. 

Mk.  Crosby  : — I  might  say  the  presence  of  a  man  on  a  loco- 
motive is  of  less  value  for  taking  care  of  accidents  due  to  a  possi- 
ble obstruction  on  the  track  than  for  handling  the  locomotive  at 
starts  and  stops.  I  am  aware  of  no  way  of  making  an  electric 
engine  start  and  stop  properly  without  some  form  of  wasting 
energy,  either  an  external  resistance  or  some  compensation  of  in- 
ternS  resistance  amounting  to  practically  the  same  thing,  and 
somebody  has  to  exercise  intelligence  in  doing  that.  It  can  be 
done,  and  I  have  done  it  from  the  station.  I  have  sent  a  car  at 
a  high  rate  of  speed  without  any  one  on  it,  because  the  track 
was  not  a  fit  one  to  travel  on,  and  we  managed  it  very  well  with 
nothing  but  a  water  barrel  as  a  rheostat.  But  probably  there  is 
no  reason  why  a  man  should  not  sit  on  the  locomotive  and  oper- 
ate some  electrical  controlling  device.  As  for  obstructions  they 
will  have  to  take  care  of  themselves,  or  the  track  will  have  to 
be  well  fenced  in.  I  see  no  way  of  ameliorating  that  trouble 
except  by  keeping  the  tracks  clear. 

Prop.  Thomson  : — I  would  like  to  add  one  word  in  regard  to 
keeping  the  track  clear.  It  is  a  question,  in  my  mind,  whether 
a  locomotive  of  that  kind  would  not  keep  the  track  clear  itself. 
You  have  all  heard  of  the  experiment  of  shooting  a  candle 
'through  a  board.  I  have  fired  wax  bullets  through  a  board  with 
an  air  gun.  The  wax  bullet  was  found  imbedded  in  the  board 
at  quite  a  depth  and  in  perfect  shape ;  so  we  may  consider  per- 
haps that  in  getting  the  locomotive  in  the  proper  shape  at  the 
end  so  as  to  get  rid  of  all  obstacles  it  will  get  along  very  well. 
(Laughter.) 

Mr.  Joseph  A.  Miller  : — I  see  that  the  subject  of  this  paper 
is  limitation  of  steam  and  electric  transportation.  Now  limita- 
tion in  that  sense  is  similar  to  a  limitation  of  how  far  you  can  see. 
It  is  a  limitation  as  far  as  we  can  see  now.  Now,  I  have  lived 
quite  a  length  of  time.  I  have  seen  the  development  of  steam 
railroads,  the  introduction  of  gas,  of  electricity,  etc.,  and  what 
were  limitations  five  or  ten  years  ago  are  not  limitations  now. 

What  must  we  do  to  increase  our  speed  ?  Well,  the  first 
thing  we  must  do  is  to  reduce  our  dead  weight  so  as  to  have  a 
larger  paying  weight. 
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How  can  we  do  it? 

The  locomotive's  enormous  weight  is  a  destruction  to  the 
tracks ;  again,  the  increase  in  the  length  of  cm*s  demands  greater 
weight  and  greater  strength  on  account  of  the  ^eater  length 
they  have  to  support.  Do  away  with  the  locomotive  first.  It  is 
an  enormous  expense,  an  enormous  weight,  etc.  The  next  thing 
is  to  support  your  cars  the  whole  length  so  that  you  do  not  have 
to  bridge-truss  them. 

How? 

Knock  out  these  running  gears  and  put  them  on  skids. 

Mr.  Crosby  : — I  can  only  l>e  gratified  at  the  slight  misunder- 
standing, since  it  has  brought  out  such  an  entertaining  disserta- 
tion on  the  matter.  I  mean  limitations  as  compared  each  with 
the  other.     I  do  not  mean  to  say  that  I  have  fixed  a  limit. 

Prof.  W.  L.  Hooper  : — I  was  much  interested  in  what  Mr. 
Crosby  had  to  say  in  rerard  to  resistances  at  high  velocity.  Some 
time  ago  I  looked  into  tne  subject  somewhat,  and  the  ordinary 
values  for  the  co-efficient  seemed  too  high.  The  velocities,  how- 
ever, were  very  high.  I  obtained  the  result  of  careful  tests  made 
on  the  projectiles  of  the  new  eight-inch  rifles  for  the  United 
States  Nav.j  and  at  the  various  velocities  given,  the  resistances 
were  roughly  proportioned  to  the  square  of  the  velocity,  but  the 
co-efficient  was  much  smaller  than  is  commonly  used  in  engi- 
neering. But  it  may  perhaps  be  interesting  to  know  that  ve- 
locity at  a  little  less  than  2,000  feet  per  second,  the  horse- 
power expended  in  overcoming  the  air  in  the  case  of  a  pro- 
jectile weighing  300  pounds  was  nearly  3,000  horse-power. 
That  is  a  velocity  of  23  or  24  miles  a  minute — 1,400  miles, 
say,  an  hour. 

Mr.  Crosby  : — Referring  to  the  matter  of  atmospheric  resist- 
ance I  can  only  repeat  a  good  deal  of  what  appears  in  the  paper 
I  have  written  on  the  subject,  and  which  is  now  in  print.  The 
law  of  variation  of  velocity  is  a  changing  law  and  at  times  the 
variation  is  as  high  as  with  the  sixth  power  of  the  velocity. 
The  high  values  attained  in  ordnance  gives  us  a  succession  of 
changing  exponents  for  Y.  Starting  with  V  at  the  lowest 
ordnance  velocities,  which,  however,  are  very  much  higher  than 
anything  we  call  engineering  velocities,  that  exponent  increases 
to  the  sixth  power,  and  that  very  high  rate  of  cnange  holds  over 
a  short  range  of  velocity  from  about  1,300  to  1,700  feet  per 
second,  pemaps.  Then  there  is  a  gradual  diminution  in  the  ex- 
ponent, and  at  the  highest  attained  velocities  in  ordnance  experi- 
ments the  square  again  is  found  to  be  the  exponent  of  V.  But 
the  demonstration  I  made,  carried  the  velocities  nearly  to  the 
lower  limit  of  ordnance  velocities  above  the  present  range  of 
engineering  velocities,  and  in  that  range,  the  variation,  so  fttr  as 
anything  can  be  detected  in  quite  an  extended  series  of  experi- 
ments, is  a  rectilinear  variation,  but  it  is  because  the  exponent  is 
found  to  be  so  variable  a  one  that   I  feel  it  rather  strengthens. 
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the  position  I  have  taken.  Save  for  the  authority  of  absolute 
experiment  over  any  range  of  velocities  there  is  no  proper  guide 
for  determining  the  pressure  with  respect  to  velocity. 
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PEACTIOAL  ASPECTS  OF  THE  ALTEKNATING  CUR- 
RENT THEORY. 

DISCUSSION    OF  DS.   M.   I.    PUPIN's   PAPEB  AT  THE  GENEBAL 
MEETING,  BOSTON,  MAY   21,    1890. 

{/See  page  204  a/rUe.) 

The  Pbesidbnt  : — We  would  be  glad  to  hear  any  remarks 
now  upon  this  very  interesting  paper. 

Mb.  Cbosby  : — ^I  would  like  to  ask  whether  Dr.  Pupin  finds 
that  it  is  really  a  simple  matter  to  design  an  alternating  motor 
as  compared  with  the  work  of  designing  a  continuous  current 
machine.  While  the  general  theory  may  be  expressed  with  al- 
most equal  simplicity,  will  not  the  introduction  of  those  mathe- 
matics, the  value  of  self  and  mutual  induction,  make  it  a  more 
difficult  matter  to  design  an  alternating  than  a  continuous 
current  machine  ? 

Db.  Pupin  : — Well,  not  being  a  practical  man  and  never  h?.T- 
ing  designed  an  alternating  current  machine  or  a  continuous 
current  machine,  I,  of  course,  could  not  answer  that  question. 

Pbof.  Thomson  : — I  should  say  that  having  designed  both  con- 
tinuous and  alternating  machines,  1  see  no  particular  difficultv 
in  doing  either ;  there  are  certain  things  that  are  left  out  al- 
together in  the  design  of  alternators  which  have  to  be  considered 
in  the  designing  of  continuous  current  machines,  as  in  the  com- 
mutation. Of  coure  the  simplest  forms  of  expression  will  not 
take  in  all  the  little  attentions  that  have  to  be  given  in  that  di- 
rection. So  it  is  with  the  alternator  we  may  say  that  there  are 
some  things  to  be  attended  to  which  are  not  taken  in  in  the  sim- 
plest forms  of  expression,  but  so  far  as  1  can  see  I  should  say 
that  the  problem  is  not  more  complex  than  that  of  designing  a 
good  continuous  current  machine. 

The  Pbesident  : — I  understand  that  the  experiments  which 
are  to  be  taken  up  in  the  next  paper  require  the  use  of  the  steam 
engine  and  that  steam  is  being  Kept  up  for  us,  and  I  think  we 
had  better  pass  on  to  the  next  paper  and  resume  this  discussion 
later.  There  will  be  an  opportunity  for  continuing  this  discus- 
sion after  the  reading  of  tne  paper  by  Mr.  Lemp  on  automatic 
electric  welding  machines. 
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AUTOMATIC  ELECTRIC  WELDING  MACHINES. 


BY  HERMANN  LEMP,  JR. 


Among  the  latest  achievements  in  electrotechnics,  standfi 
prominently  Prof.  Thomson's  electric  welding  process.  The  broad 
underlying  principle  has  so  often  been  described  and  exhibited 
by  its  able  discoverer  and  others,  that  to  repeat  it  now  would  be 
imposing  upon  your  patience.  The  evolution  of  a  new  process 
and  its  reduction  to  practice  for  commercial  purposes,  especially  if 
the  leading  elements  of  its  working  are  novel  in  themselves,  must 
necessarily  open  a  vast  field  for  investigation.  Such  is  the  ease 
with  electric  welding,  and  with  a  view  of  showing  the  commer- 
cial apparatus  of  to-day,  it  will  be  necessary  for  me  to  state  the 
electrical  and  mechanical  requirements  which  led  to  its  con- 
struction. 

The  reason  for  which  machines  have  been  invented  has 
been  for  the  purpose  of  reproducing  faithfully  and  constantly  a 
set  of  conditions  necessary  to  obtain  a  certain  result.  When  the 
conditions  in  any  case  are  few  and  the  product  simple,  generally 
one  design  of  machine  will  be  sufficient.  With  an  increased 
number  of  conditions,  however,  the  complexity  of  the  apparatus 
increases  rapidly  and  demands,  in  many  cases,  a  subdivision  into 
different  processes  to  be  executed  by  separate  machinery.  What 
constitutes  skill  in  a  workman,  for  instance,  is  the  ability  to  co- 
ordinately  reproduce  a  number  of  operations  or  movements;  to  be, 
in  other  words,  a  perfect  machine,  or  to  produce  the  same  result 
even  if  other  conditions  than  those  previously  contemplated 
should  arise. 

To  secure  uniform  results  in  the  practice  of  a  difficult  opera- 
tion, there  are  two  ways  possible. 

1.  To  employ  skilled  help  for  the  complex  portion  of  the  work 
alone. 
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2.  To  substitute  for  the  more  complex  portion  of  the  operation 
one  more  readily  controlled. 

The  ordinary  welding  process  requires  the  greatest  skill  at  the 
hands  of  the  blacksmith  for  heating  the  metals  to  the  proper 
temperature  and  at  the  right  spot,  while  preventing  the  accumu- 
lation of  cinder  or  scale.  While  skill  may  be  successful  with 
metals  of  high  melting  points  and  low  conductivity  for  heat, 
easily  fusible  metals  and  specially  good  conductors  baffle  all  at- 
tempts as  long  as  an  exterior  heating  source  is  employed. 

The  electric  welding  process  has,  as  you  know,  not  only  made 
it  possible  that  operators  not  particularly  skilled  in  the  art  of 
blacksmithing  can  produce  good  substantial  welds,  but  has 
created  an  art  equally  adaptable  to  all  metals  and  combinations 
of  metals. 

The  following  are  all  the  metals,  alloys  and  combinations 
so  far  actually  welded  with  success  by  the  Thomson  process ; 

Metals, — Wrought  iron,  cast  copper,  antimony,  aluminum, 
manganese,  cast  iron,  lead,  cobalt,  silver,  magnesium,  malleable 
iron,  tin,  nickel,  platinum,  wrought  copper,  zinc,  bismuth,  gold 
(pure). 

AUoys, — ^Various  grades  of  tool  steel,  various  grades  of  mild 
steel,  steel  castings,  chrome  steel,  musshet  steel,  stub  steel,  cres- 
cent steel,  bessemer  steel,  cast  brass,  gun  metal,  brass  composi- 
tion, fuse  mstal,  type  metal,  solder  metal,  german  silver,  alumi- 
num alloyed  with  iron,  aluminum  brass,  aluminum  bronze,  phos- 
phor bronze,  silicon  bronze,  coin  silver,  various  grades  of  gold. 

Combinations, — ^Copper  to  brass,  copper  to  wrought  iron,  cop* 
per  to  german  silver,  copper  to  gold,  copper  to  silver,  brass  to 
wrought  iron,  brass  to  cast  iron,  tin  to  zinc,  tin  to  brass,  brass  to 
german  silver,  brass  to  tin,  brass  to  mild  steel,  wrought  iron  ta 
cast  iron,  wrought  iron  to  cast  steel,  wrought  iron  to  mild  steel, 
wrought  iron  to  tool  steel,  gold  to  german  silver,  gold  to  silver, 
gold  to  platinum,  silver  to  platinum,  wrought  iron  to  musshet 
steel,  wrought  iron  to  stub  steel,  wrought  iron  to  crescent  steel, 
wrought  iron  to  cast  brass,  wrought  iron  to  german  silver,  wrought 
iron  to  nickel,  tin  to  lead. 

But  Prof.  Thomson  was  not  satisfied  with  this  progress  made 
above  ordinary  welding,  and  early  recognized  the  importance  of 
a  machine  in  which  all  conditions  for  successful  operations  are 
mechanically  controlled  to  produce  uniform  results,  and  which 
would  be  rapid  working  and  require  little  or  no  attendance. 
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Such  machines  now  known  as  automatic  welding  machines, 
have  proved  to  be  of  special  importance  in  connection  with  easily 
fusible  metals,  enabling  the  successful  welding  of  aluminum,  sili- 
con and  aluminum  bronze,  which,  even  with  the  electric  process, 
require  considerable  skill. 

Before  entering  into  a  detailed  description  of  the  automatic 
welder,  a  few  general  data  on  welding  will  be  in  order. 

The  Thomson  process  of  electric  welding  can  be,  and  has  been, 
worked  by  means  of  continuous  or  alternating  currents ;  second- 
ary batteries  or  multipolar  machines  may  be  and  have  been  used. 
There  are  such  conditions  as  transportability,  absence  of  motive 
power,  situation  in  continuous  distribution  district,  etc.,  which 
may  make  it  advisable  to  use  the  continuous  current.  The  alter- 
nating currents  have  so  far  been  the  best  adapted  to  be  produced 
economically  of  large  volume  at  low  e.  m.  f.  They  are  easily 
and  economically  controlled,  allow  of  being  distributed  at  high 
pressure  with  small  conductors  and  of  being  reduced  to  working 
pressure  wherever  needed.  They  have,  however,  another  bene- 
ficial effect,  which  is  of  importance  in  all  welds  of  large  sections. 

It  is  a  well  known  fact  amongst  manufacturers  of  incandescent 
lamp  filaments  of  large  section  that  the  inner  portion  in  a  filament 
is  apt  to  be  overheated.  In  treating  filaments  as  used  in  the  now 
commercial  series  lamp,  in  a  hydro-carbon  atmosphere,  the  writer 
attempted  at  one  time  to  produce  an  extra  good  quality  of  carbon 
by  starting  with  an  extremely  thin  base  .004  inch  thick  and  ob- 
taining a  filament,  90  to  95  per  cent,  of  which  consisted  of  hard, 
gray,  lustrous  carbon.  He  thought  to  extend  this  process  to  the 
manufacture  of  arc  light  carbons  and  even  produce  pencils  of 
about  \  inch  diameter.  What  was  his  surprise,  however,  to  find 
that  although  the  lustrous  surface  presented  at  times  a  dense 
gray  structure,  the  core  lost  this  character  after  a  certain  thick- 
ness of  carbon  had  been  deposited.  In  fact,  a  number  of  concen- 
tric layers  could  be  discovered  from  the  innermost  graphite  to  the 
dense  gray  semi-crystalline  at  the  outside. 

This  action  can,  to  my  mind,  only  be  attributed  to  the  over- 
heating of  the  carbon  particles  in  the  inside.  A  similar  action 
takes  place  in  a  bar  of  iron  if  heated  by  an  electric  current.  The 
surface  exposed  to  radiation  will  be  at  a  lower  temperature  than 
the  core.  It  is  true  that  the  heating  of  the  metal  will  increase  its 
resistance  and  thus  tend  to  equalize  the  temperature,  but  not  enough 
in  all  cases.     By  the  use  of  alternating  currents  we  gain,  however, 
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an  assistance  in  the  self-indnction.  The  effect  of  the  latter  is 
especially  marked  and  has  a  tendency  to  concentrate  the  heat  on 
the  surface. 

If  there  is  any  place  which  receives  more  current  than  another 
the  effect  of  the  self-induction  is  emphasized  by  the  fact  that  the 
surrounding  part  is  cool  and  its  permeability  is  greater  than  the 
part  traversed  by  the  surplus  of  current.  With  very  large,  and 
especially  wide,  metal  pieces  the  unevenness  of  distribution  may 
be  remedied  by  approaching  iron  masses  to  create  at  a  given  spot 
a  greater  self-induction  or  counter  e.  m.  f.,  thus  diverting  the 
current  from  that  section.  Prof.  Thomson  has  early  recognized 
the  importance  of,  and  patented,  a  device  to  prevent  the  heating 
of  the  metal  at  a  given  spot  by  creating  locally  increased  self-in- 
duction or  magnetic  effects. 

In  view  of  this  experiment  almost  daily  witnessed  by  us,  it  is 
interesting  to  note  the  paper  controversy  between  parties  disput- 
ing the  priority  of  a  device  which  is  to  produce  exactly  the  oppo- 
site result  with,  however,  the  same  means  and  conditions. 

Two  methods  of  distribution  are  in  use,  the  direct  and  the  indi- 
rect. In  the  former,  an  alternating  current  dynamo  is  used,  having 
two  windings  on  the  armature,  one  of  which  furnishes  currents 
rendered  continuous  by  a  commutator  to  excite  the  field  magnets, 
and  is  controlled  by  switch  and  rheostat ;  the  other  consisting  of 
a  single  turn  of  heavy  copper  cable  furnishes  the  welding  currents, 
which  is  led  through  collector  and  brushes  to  movable  copper 
clamps  suitable  to  receive  and  guide  the  welding  specimens  dur- 
ing the  operation. 

In  some  other  forms  the  field  magnet  is  the  movable  part,  in 
which  case  no  heavy  currents  have  to  be  carried  through  collector 
and  brushes.  No  direct  welders  are  built  at  present  for  currents 
larger  than  4,000  amperes. 

The  indirect  method  of  distribution  is  almost  exclusively  used 
to-day.  It  consists  in  its  simplest  form  of  one  alternating  current 
dynamo,  self  or  separately  excited,  and  one  welder  which  is  a 
transformer  with  the  necessary  clamping  and  operating  appli- 
ances. The  self-exciting  dynamos  used  are  from  1,000  to  20,000 
watts  output,  and  may  be  regulated  by  means  of  a  reactive  coil  to 
give  a  varying  e.  m.  f.  never  exceeding  300  volts. 

They  are  substantially  built  to  withstand  sudden  strains,  have 
self-oiling  bearings;  the  brushes  are  designed  never  to  be  moved 
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and  are  perfectly  eparkless,  requiring  no  other  attention  than 
cleanliness. 

The  winding  on  the  transformer  being  set  once  for  all,  varia- 
tion in  the  e.  m.  f.  has  to  b©  obtained  either  by  varying  by  hand 
the  initial  e.  m.  f  of  the  dynamo  or  by  exciting  a  dynamo  to  the 
lowest  potential  required,  it  being  so  compounded  as  to  give  with 
the  maximum  work  the  increased  e.  m.  f.;  or  finally  to  maintain  a 
constant  b.  m.  f.  at  the  dynamo  under  all  loads  and  vary  the 
B.  M.  F.  at  the  transformer  by  interposing  a  variable  resistance,  or 
preferably  a  self-inductive  resistance.  The  transformer  itself 
may  be  built  so  as  to  give  a  different  ratio  of  conversion,  either 


mON  FRAME  OT 
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by  moving  the  primary  and  secondary  relatively  to  each  other  or 
by  shunting  lines  of  force  by  means  of  an  iron  bridge  between 
primary  and  secondary,  or  by  altering  the  number  of  turns  in 
primary  or  secondary  by  a  switch. 

When  a  single  plant  is  used,  viz.,  one  dynamo  and  one  welder 
it  is  the  dynamo,  generally,  which,  if  separately  excited,  is  regu- 
lated by  means  of  a  rheostat  in  the  exciter  circuit,  or  by  a  reactive 
coil  in  series  with  the  exciting  coil  on  the  armature  if  self-ex- 
cited. The  diagram.  Fig.  1,  shows  the  connections  used  with  a 
separately  excited  machine.  The  only  thing  difEerent  from  simi- 
lar installations  is  the  break  switch  which  is  operated  by  a  foot 
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treadle  and  automatically  opens  the  circuit  when  the  foot  pres- 
sure is  removed. 

This  prevents  any  mishaps  when  operated  by  uninitiated  per- 
sons, as  all  action  ceases  when  one  leaves  the  apparatus.  The 
primary  voltage  never  exceeds  300  volts  with  100  alternations, 
or  50  complete  cycles  per  second.  Nothing  but  the  very  best 
insulation  is  used  in  the  primary  wiring.  It  is  deemed  neces- 
sary to  protect  users  of  the  apparatus  not  only  against  any  shocks, 
but  even  against  the  scare  of  one,  and  we  recommend  the  per- 
manent grounding  of  the  secondary  which  in  welding  apparatus 
is  virtually  the  table  and  pressure  devices. 

Fig.  2  shows  the  connections  used  for  a  self -excited  composite 
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dynamo,  which  has  two  windings  on  the  armature,  a  longer  main 
and  shorter  exciting  coil.  Both  are  wound  in  the  same  direc- 
tion, and  currents  generated  therein  pass  in  multiple,  connected 
through  the  shunted  field  magnet ;  after  this  through  line  No.  2, 
controlled  by  a  break  switch,  and  then  split,  one  returning  through 
reactive  coil  and  line  3,  the  other  through  welder  and  line  1  to 
their  respective  windings.  The  exciting  eflEects  of  each  circuit 
add  themselves.  The  reactive  coil  is  conveniently  placed  near 
the  welder.  Dynamo  is  regulated  from  the  minimum  to  300  volts 
and  is  excited  anew  for  each  weld. 

For  some  work  which  requires  to  be  done  at  great  speed,  the 
second  method  is  resorted  to ;  that  is,   to  keep  the  field  con- 
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Btantly  excited  by  fixing  a  variable  reactive  coil  in  a  given  posi- 
tion, just  enough  to  produce  about  150  volts,  the  lowest  b.  m.  f. 
required.  The  proportion  of  the  field  magnets,  the  e.  m.  f.  of 
exciting  coil  and  the  resistance  of  a  shunt  to  the  field  are  such 
as  to  produce  an  overcompounding  of  100  per  cent,  in  this  case, 
with  the  largest  current  in  the  primary. 

This  method  of  regulation  is  very  neat,  as  it  is  absolutely 
automatic,  responds  quickly,  the  field  of  the  dynamo  not  requir- 
ing to  '*  build  "  every  time  from  residual  magnetism  alone.  We 
sometimes  call  it  "  cubic  compounding,"  as  it  produces  a  con- 
stant heating  effect  for  variable  cross  sections  and  variable  lengths 
as  well.  With  this  modification,  the  wiring  of  diagram.  Fig.  4, 
is  slightly  altered,  the  break  switch  breaking  only  the  main  cir- 
cuit, leaving  the  exciting  circuit  permanently  closed. 

The  methods  so  far  described  are  only  used  when  a  single 
welding  machine  is  to  be  operated.  It  was  early  recognized 
that  if  the  process  is  at  all  to  be  used  on  a  commercial  basis,  the 
generating  of  the  necessary  current  at  least  should  be  limited  to 
as  few  machines  as  possible.  It  required,  in  other  words,  a 
dynamo  giving  a  nearly  constant  e.  m.  f.  of  sufficient  capacity  to 
feed  a  number  of  welders  while  maintaining  for  each  absolute 
independence. 

Since  all  welding  for  a  long  while  to  come  will  probably  be 
operated  in  isolated  plants,  the  dynamo  is  to  be  placed  in  the 
hands  of  an  engineer,  generally  not  an  expert  in  electrical  mat- 
ters, and  has,  therefore,  to  be  easily  attended  and  free  from  all 
the  little  faults  and  kinks  which  are  at  present  the  sole  consola- 
tion of  the  dynamo  tender.  One  of  its  prime  requirements  is 
close  automatic  regulation  under  all  loads. 

Constant  potential,  self-regulating  dynamos  are  manufactured 
in  various  sizes  and  are  self-exciting  up  to  30,000  watts  output. 
Dynamos  with  larger  output  are  separately  excited,  but  also  self- 
regulating.  The  methods  employed  to  obtain  regulations  are 
novel  and  will  form  the  subject  of  another  paper  at  some  future 
date.  I  would  simply  state  that  either  constant  potential,  or  a 
percental  increase  with  load  can  be  obtained  and  that  the  regula- 
tion will  respond  even  if  the  load  consists  of  self  inductive  trans- 
lating devices.  I  lay  some  stress  on  the  regulation  of  the  dy- 
namo for  the  reason  that  the  generators  are  not  to  be  placed  in 
the  hands  of  special  attendants  as  in  case  of  a  central  station,  but 
liAve  to  deliver  their  currents  under  constant  pressure  whatever 
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may  be  the  conditions  of  work  they  are  subjected  to  ;  even  an 
automatic  regulator  would  hardly  be  able  to  follow  the  rapid 
variation  of  load. 

The  following  conditions  influence  the  perfection  of  the  work 
and  are  variable  with  different  material  and  sizes : 

1.  Projection  of  the  abutted  pieces  in  the  path  of  the  current. 

2.  B.  M.  F.  of  welding  current  as  controlling  the  strength  of 
current  flowing. 

3.  End  pressure  applied  to  force  the  abutting  ends  into  each 
other  at  welding  heat. 

4.  Interruption  of  current  at  proper  time. 

1.  The  projection  of  the  abutted  pieces  varies  with  the  diam- 
eter. It  has  been  found  that  for  copper,  a  projection  for  twice 
the  diameter  for  each  clamp  gives  the  most  economical  results. 
With  steel  and  iron,  the  most  economical  projection  equals  the 
diameter  and  is  one  and  one-half  times  the  latter  for  brass. 

The  projections  sensibly  affect  the  energy  required  and  the 
most  economical  one  depends  upon  the  heat  conducting  proper- 
ties and  specific  resistance  of  the  specimens.  Accordingly,  highly 
conducting  bodies  require  longer  projections;  highly  resistant 
ones,  short  projections.  Conductors  of  larger  and  smaller  diam- 
eters may  be  welded  by  giving  to  each  its  respective  projection. 
In  the  same  manner  wires  of  different  materials  may  be  joined 
to  each  other. 

It  is  easily  understood  that  since  unequal  projections  on  differ- 
ent sized  conductors  produce  the  proper  heating  of  both  at  their 
junction,  equal  projection  of  equal  sized  conductors  will  be 
required.  All  other  conditions  aside,  it  is  important  to  keep  the 
projection  for  a  given  size  and  material  constant. 

2.  The  E.  M.  F.  required  depends  upon  the  projection  and  the 
resistance  of  the  material  to  be  welded.  For  large  cross  sections 
the  specific  self-induction  plays  an  important  role,  and  indirectly, 
the  shape  of  the  specimen. 

Another  factor  affecting  the  s.  m.  f.  is  the  resistance  between 
clamps  and  material  and  the  resistance  of  copper  conductors. 
The  B.  M.  F.  required  for  iron  and  steel  is  nearly  double  that  for 
copper  and  would  be  foar  times  if  equal  projection  were  used 
for  both. 

A  certain  drop  of  e.  m.  f.  will  be  found  from  the  clamps  to  the 
specimens.  This  drop  is  rather  low  on  material  having  naturally 
bright  surfaces,  as,  for  instance,  copper,  brass,  german  silver,  tin 
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or  even  cold  rolled  iron  and  steel.  For  a  large  class  of  work, 
however,  especially  in  carriage  hardware,  the  surfaces  to  be  used 
for  contact  have  a  slight  scale  left  after  passing  through  the  rolls, 
which  has  either  to  be  removed  by  grinding  or  filing,  or  to  be 
overcome  by  the  e.  m.  f.  of  the  current.  In  a  good  many  cases 
the  introduction  of  a  special  process  of  cleaning  is  deemed  to  be 
more  expensive  than  to  use  a  little  extra  power  to  work  through 
the  scale. 

3.  For  uniformity  of  results  the  end  pressure  required  to  press 
the  abutting  specimens  into  each  other  at  welding  heat  is  of  more 
importance  than  any  of  the  former  agencies ;  this  is,  in  fact,  the 
one  which  controls  and  rectifies  any  inaccuracies  in  the  former 
conditions.  If  the  pressure  necessary  for  a  given  size  and  mate- 
rial is  used,  the  weld  cannot  be  performed  until  the  metal  has  ac- 
quired the  necessary  plasticity  to  yield  to  the  pressure.  If  for 
one  reason  or  another,  the  e.  m.  f.  and,  consequently,  the  current 
should  have  been  too  strong,  the  time  necessary  for  welding  alone 
is  affected,  and  in  this  case  shortened.  The  bars  will,  however, 
be  united  at  the  same  temperature  and  with  the  same  force, 
whatever  may  have  been  the  time  required  to  bring  about  the 
necessary  plasticity.  The  pressure  will  in  some  respects  influence 
the  heat  by  forcing  the  metals  into  each  other  at  either  higher  or 
lower  temperature,  and  by  so  doing  cause  the  action  to  be  inter- 
rupted at  an  earlier  or  later  period  as  may  be  required. 

The  pressure  required  varies  with  the  material  and  is  approxi- 
mately 1,800  lbs.  per  square  inch  for  steel ;  1,200  lbs.  per  square 
inch  for  iron ;  600  lbs.  per  square  inch  for  copper ;  it  varies  also 
with  the  area  of  cross-section  as  indicated  by  its  being  expressed 
in  a  function  with  the  surface  as  one  of  the  factors. 

4.  The  interruption  of  the  current  as  soon  as  the  weld  is  com- 
pleted is  important  for  all  easily  fusible  metals.  When  two  cop- 
per wires  are  welded  together  the  welded  portion  being  increased 
in  cross-section  owing  to  the  end  pressure,  if  the  current  is  not 
interrupted  a  large  portion  of  the  conductor  on  either  side  of  the 
weld,  including  the  latter,  become  heated  and  will  melt  and  be 
torn  asunder  before  any  pressure  device  could  follow  and  bridge 
the  gap  over. 

The  current  should,  therefore,  be  interrupted  as  soon  as  the 
weld  is  completed.  It  is  also  sometimes  required  that  the  parts 
to  be  welded  should  be  of  a  certain  predetermined  length,  in 
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which  case  the  interruption  of  the  .current  as  soon  as  the  allow- 
able distance  has  been  reached  is  essential. 

All  these  conditions  are  maintained  constant  in  the  automatic 
welder  before  us,  which  is  the  first  commercial  type  of  its  kind. 
This  welder  is  not  entirely  automatic  in  the  strict  sense  of  the 
word.  The  degree  of  automatic  action  has  to  be  considered 
separately  for  each  individual  object.  This  machine  contains, 
however,  the  leading  features  as  covered  by  Professor  Thomson's 
patent,  June  26,  18SS,  Jfo.  385,022,  with  a  few  improvements  in 
mechanical  construction. 

The  capacity  of  the  machine  is,  nominally,  copper  wire,  No.  6 
to  No.  17  A.  G.  It  will,  however,  weld  larger  and  smaller  sizes. 
It  weighs  13i)  pounds  complete;  the  secondary  is  one  solid 
copper  casting  of  a  cross-section  resembling  a  hollow,  square 
box  with  one  of  the  sides  removed.  This  casting  is  firmly 
screwed  to  an  iron  table.  A  saw  cut  at  right  angles  to  the  plane 
of  loop  creates  the  two  poles,  one  insulated  from  the  table,  the 
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other  constituting  a  V-shaped  bearing  suitable  to  receive  a 
sliding  clamping  device.  The  hollow  part  of  the  secondary  re- 
ceives the  primary  coil  which  is  separately  wound  in  a  form  and 
insulated  with  special  care.  Two  U  shaped  laminated  iron  cores 
embrace  the  primary  and  secondary. 

It  has  been  found  that  the  best  form  of  transformer  is  the  one 
in  which  the  primary  and  secondary  coils  are  co-axially  placed  in 
an  iron  core,  so  as  to  oblige  all  lines  of  force  generated  by  the 
former  to  cut  through  the  hitter.  If  the  two  windings  are 
placed  side  by  side  on  an  iron  core  or  on  opposite  legs,  as  shown 
in  Fig.  3,  there  is  a  tendency  to  form  consequent  poles  at  the 
point  where  the  two  windings  meet,  due  to  the  leakage  of  lines 
of  force.  The  leakage  will  depend  upon  the  distance  between 
the  two  legs,  and  upon  the  length  of  the  mau:netic  circuit.  It 
has  been  purposely  increased  and  turned  to  advantage  by  Prof. 
Thomson,  for  obtaining  constant  current  in  the  secondary,  while 
the  primary  is  supplied  with  constant  e.  m.  f.,  as  shorai  in  Fig. 
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4.  When,  however,  constant  e.  m.  f.  in  the  secondary  is  re- 
quired, it  is  important  that  this  leakage  should  be  decreased  to  a 
minimum. 

Various  forms  of  secondary  may  be  employed  to  work  con- 
sistent with  the  above  principle.  A  few  of  these  are  shown  in 
diagrams  Nos.  5,  6,  7  and  8,  in  which  cases  the  secondary  is 
preferably  a  solid  copper  casting.  The  forms  shown  in  Figs.  8 
and  9,  however,  permit  hard  rolled  copper  plates  to  be  used. 
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For  mechanical  reasons  and  convenience,  the  forms  shown  in 
Figs.  5  and  6  are  mostly  used,  and  actual  experience  shows  prac- 
tically no  leakage.  This  construction  permits  of  removing  the 
primary  without  disturbing  the  secondary  in  the  least.  It  also 
gives  the  least  possible  self-induction  for  a  given  cross-sec- 
tion. 
It  is  often  stated  that  when  large  quantities  of  alternating  cur- 
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rents  have  to  be  conveyed  through  copper  conductors,  it  is  im- 
portant to  have  the  same  laminated  or  subdivided  in  smaller 
conductors  to  reduce  self-induction.  This  may  be  true  to  a 
certain  extent.  The  shape  of  the  cross-section  is,  however,  far 
more  important  than  the  lamination.  An  experimental  com- 
pound conductor  consisting  of  a  number  of  flat  copper  ribbons 
in  parallel  showed  a  seK-induction  of  three  when  the  ribbons 
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were  closely  packed,  of  tioo  when  separated  into  two  parts,  and 
one  when  spread  open  like  a  fan.  The  explanation  for  this  was 
given  to  the  Institute  last  year  by  Prof.  Thomson  when  he 
showed  the  eeK-induction  to  depend  mostly  npon  the  length  of 
the  lines  of  force  surrounding  a  conductor  when  traversed  by 
intermittent  or  alternating  currents. 

Returning  to  the  subject  before  us  we  find  that  the  pole  which 
is  insulated  from  the  table  constitutes  the  stationary  clamp.  The 
tminsulated  pole,  which  is  considerably  larger,  has  on  its  upper 
side   a  long  V-shaped  groove   parallel    with   the    axis   of  the 


secondary,  Fig.  10.  A  movable  copper  block,  also  V-shaped,  fits 
in  the  bearing  and  can  be  slid  forwards  and  backwards  in  the 
same. 

This  movable  block  carries  the  second  clamp.  The  current 
necessary  for  welding  has  to  pass  through  this  sliding  contact. 
The  welding  of  small  copper  wire  or  any  other  easily  fusible 
metal,  is  a  very  diflScult  thing  if  special  apparatus  is  not  used. 
The  current  required  is  very  large,  several  hundred  amperes  for 
wire  not  larger  than  No.  17  A   G. 

The  metal  when  it  reaches  welding  heat  readily  melts  away  a.: d 
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has  to  be  followed  by  the  movable  claioap  so  as  to  prevent  the 
breakii)g  of  the  circuit.  This  latter  action  when  it  occurs,  is  so 
violent  that  a  special  device  is  necessary  to  prevent  injury  to  the 
coil  in  case  of  such  a  rupture.  The  moving  clamp,  in  order  to 
follow  the  softening  of  the  metal  has  therefore  to  have  as  little 
friction  as  possible  and  yet  has  to  make  a  good  contact  to  carry 
the  heavy  currents.  The  clamp  is  furthermore  required  to  move 
in  true  guides  so  as  to  abut  the  small  conductors  with  their  axes 
in  line.  The  heating  necessarily  brought  about  when  rapid  and 
continuous  welding  is  done  must  not  interfere  with  the  bearing 
and  cause  the  carriage  to  stick  through  expansicm. 

All  these  conditions  have  been  complied  with  in  using  the  Y 
bearings,  the  carriage  being  held  down  in  contact  by  means  of  a 
heavy  spring  and  a  numl)or  of  copper  rollers  being  interposed 
between  the  carriage  and  the  bearing.  Fig.  10.  The  copper 
rollers  are  simple  short  pieces  of  J  inch  hard  rolled  copper  wire 
rounded  at  the  ends.  There  are  sixteen  altogether,  eight  towards 
the  front  and  eight  towards  the  back  of  carriage,  equally  distri- 
buted on  both  sides  of  the  bearing. 

A  stationary  rod  at  the  apex  of  the  bearing  prevents  the  inter- 
ference of  the  two  rows  of  rollers.  Between  the  two  sets  of 
rollers  in  front  and  in  back,  a  bolt  passes,  applying  the  spring 
pressure  which  forces  the  carriage  into  contact  with  the  bearing. 
A  pressure  of  40  pounds  may  be  emj)loyed,  and  yet  the  carriage 
will  move  freely.  These  sixteen  rollers  have  to  transmit  a  current 
of  approximately  3,000  amperes.  They  absorb  about  20  per  cent, 
of  the  total  energy,  which  lohs  is,  however,  fully  balanced  by  the 
reliability  and  simplicity  of  the  device.  This  loss  is  moreover 
only  on  the  maximum  sizes  and  becomes  insigniiicant  on  small 
work. 

An  adjustable  coiled  spring  pulls  the  sliding  clamp  towards 
the  stationary  one.  In  front  and  pivoted  on  a  lever  is  the 
distance  gauge  which  may  be  inserted  between  the  two  clamps. 
This  gauge  carries  on  a  central  disk  a  number  of  steel  pins  of 
varying  lengths,  but  e(pial  ])rojection  on  either  side  of  the  disk. 
These  projections,  if  inserted  between  the  two  clamps,  give  the 
necessary  distance  required  for  a  given  size  wire,  tlie  disk  against 
which  the  wir(\s  are  abutted  insuring  equal  ])rojection  of  both 
ends  to  be  joined.  On  the  ])ack  of  the  apparatus  a  switch  is 
located  in  a  j)rimary  cinniit,  which  is  normally  held  open  by  a 
s))ring.     13y  moving  the  handle  to  the  right,  the  primary  will  be 
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closed  and  the  switch  locked  by  a  little  catch  underneath  the 
table.  A  pin  fastened  to  the  movable  clamp  will  lift  the  catch 
and  release  the  switch,  thus  opening  the  circuit. 

An  intermediate  lever  between  catcli  and  pin  operated  by  a 
sliding  rule,  which  serves  also  as  an  index,  permits  of  varying  the 
point  of  cut-ofE,  which  has  to  be  in  a  certain  relation  to  the  distance 
between  the  clamps.  The  position  of  cut-off,  tension  of  spring, 
distance  between  clamps  corresponding  to  each  other,  are  marked 
with  the  same  figure,  which  is  also  inscribed  on  a  wire  gauge 
fastened  to  the  welder.  By  inserting  a  wire  into  the  gauge,  the 
number  read  will  give  the  necessary  adjustments  at  once. 

If  by  imprudence,  the  switch  should  be  moved  to  the  right, 
while  no  stock  is  inserted  and  the  clamps  come  in  contact  with 
each  other,  the  switch  cannot  be  locked  and  the  fuse  in  the 
primary  will  be  blown,  without,  however,  causing  any  damage. 

The  insertion  of  the  distance  gauge  between  the  clamps  locks 
the  switch  so  that  the  primary  can  only  be  closed  after  with- 
drawing the  gauge. 

The  operation  is  as  follows : 

1.  The  wires  to  be  welded  are  gauged. 

2.  The  distance  gauge  and  cutoff  are  set  to  correspond  with 

the  number  on  the  gauge. 

3.  The  movable  clamp  is  moved  to  the  right  and  the  gauge 

inserted. 

4.  Ijotli  wires  are  securely  clamped,  care  being  taken  to 

abut  the  ends  squarely  against  the  disk. 

5.  The  gauge  is  withdrawn. 

6.  The  switch  is  moved  to  the  right. 

7.  The  reactive  coil  is  moved  towards  a  position  of  mini- 

mum  reaction,  and   restored   to   maximum  after  the 
weld  has  been  completed. 

8.  The  clamps  are  opened  and  the  weld  removed,  after 

which  the  operation  can  be  repeated. 
If  a  good  many  welds  of  the  same  sized  material  are  to  be 
made,  the  reactive  coil  may  once  for  all  be  set  in  a  given  position 
and  the  switch  alone  be  ojierated.  Welds  made  with  the  automatic 
machine  have  attained  a  uniformity  not  obtainable  with  the 
most  skilled  operators  working  without  it.  In  fact,  small,  easily 
fusible  wires  can  scarcely  be  welded  with  certainty  with  ordi- 
nary^ a])paratus.  For  aluminum,  especially,  the  automatic  ap- 
paratus is  needed. 
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The  reactive  device  used  in  connection  with  welders  is  of  the 
type  recently  described  by  Prof.  Thomson,  in  which  a  case  is 
made  to  more  or  less  cover  the  primary,  the  self -induction  of 
which  is  to  be  altered.  To  obtain  a  still  larger  range,  the  wind- 
ings of  the  primary  can  be  coupled  in  series,  or  multiple  series, 
or  in  multiple  by  a  switch  in  the  base  of  the  coil. 

As  mentioned  before,  the  welding  of  easily  fusible  metals  may 
sometimes  cause  a  rupture  of  the  secondary  circuit,  which,  ow- 
ing to  i<8  violence  and  volame  of  energy  may  cause  a  bum-out 
of  the  primary  if  not  guarded  against.  This  danger  is  not 
very  great  in  the  automatic  machine,  since  the  end  pressure 
does  not  depend  upon  the  attention  of  the  operator.  A  special 
device  is,  however,  used  as  an  extra  precaution  against  all 
emergencies. 

Breaking  a  high  tension  circuit  rapidly  is  not  easily  done.  An 
arc  generally  follows  the  break,  and  this  lengthens  the  time  of 
the  rupture.  If  the  voltage  of  the  circuit  to  be  broken  is  so  low 
that  over  the  slightest  distance  an  arc  cannot  follow,  the  break 
will  be  instantaneous.  This  is  the  case  with  the  secondary  cir- 
cuit of  a  welding  transformer.  The  voltage  being  ordinarily 
only  one  volt,  even  if  increased  ten-fold,  would  not  be  able  to 
maintain  an  arc.  However,  multiplied  in  the  primary  it  will 
cause  B.  M.  F.  sufficient  to  pierce  through  the  insulation  as  ordi- 
narily used.  This  action  is  similar  to  that  of  a  Ruhmkorff  coil  in 
which  the  interrupter  is  caused  to  break  under  oil  or  water. 
This  discharge  is  taken  care  of  by  a  special  apparatus,  the  de- 
scription of  which  I  reserve  also  for  another  communication  to 
the  Institute. 

While  the  machine  before  us  is  only  one  type  embodying  the 
principal  features  contained  in  all,  others  have  been  manufactur- 
ed or  are  in  process  of  construction  in  which  the  automatic  char- 
acter has  been  carried  out  even  further,  as  in  the  welding  of  rings 
and  chains.  I  am  not  permitted  to  give  a  detailed  account  of 
these  latter  at  the  present  time,  but  would  say  that  the  present 
model  in  its  first  form,  is  able  to  produce  250  feet  of  chain  in 
a  day  without  any  attendance  to  speak  of,  the  plain  wire  being 
fed  into  the  machine  at  one  end  and  the  complete  chain  coming 
out  at  the  other. 

The  automatic  principle  is,  however,  not  confined  to  small 
conductors.  We  have  welders  with  40,000  watts  output,  capable 
of  welding  1  inch  copper  or  2  incli  iron,  constructed  and  working 
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daily  on  that  plan.  The  projections  are  determined  by  adjusta- 
Ue  stops,  the  pressure,  the  most  important  of  all,  is  hydraulic, 
and  regulated  by  an  automatic  reducing  valve,  the  exhaust  being 
nsed  for  cooling  the  clamps  at  the  same  time.  The  primary  is 
controlled  by  adjustable  reactive  coils  from  a  constant  potential 
circuit,  and  is  interrupted  at  the  proper  time  by  the  clamps. 
While  not  all  machines  are  to-day  operated  on  this  plan,  I  am 
convinced  that  the  evolution  of  the  [welding  process  tends  in 
that  direction,  and  that  the  welding  in  future  will  be  in  the  full 
sense  of  the  word  a  purely  mechanical  operation.  This  cherished 
idea  of  Prof.  Thomson's,  uttered  a  few  years  ago,  has  well 
been  borne  out  by  the  experience  gained  in  actual  operation 
on  a  commercial  basis. 

DISCUSSION. 

Pbof.  Thomson  : — There  is  just  one  remark  I  would  like  to 
make,  and  that  is,  that  Mr.  Lemp  is  entirely  too  modest  to  put 
in  any  claims  for  his  own  work  m  relation  to  this  matter.  But 
I  can  say  that  he  has  worked  diligently  and  faithfully  in  all  the 
details  of  designing  dynamos  and  proportioning  the  various  ar- 
rangements, and  has  done  a  vast  amount  of  very  successful  work, 
and  I  should  like  to  testify  to  it  here  before  the  Institute. 

The  President  : — It  seems  necessary  to  nostpone  any  further 
discussion  of  this  paper  at  the  moment,  as  tnere  is  here  a  paper 
by  Mr.  Lockwood  which  will  be  read  bv  the  Secretary. 

Mr.  T.  D.  Lockwood's  paper  on  "  The  Industrial  Utilization 
of  the  Counter  Electromotive  of  Self-Induction"  was  then 
read.     (Seepage  226  cmte.) 

The  Seceetary  : — Before  closing,  I  move  a  vote  of  thanks  to 
the  authorities  of  the  Massachusetts  Institute  of  Technology  for 
the  many  courtesies  extended  to  us  in  providing  facilities  for  the 
holding  of  our  meeting  in  this  city. 

The  motion  was  carried,  and  the  meeting  then  adjourned. 
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AMEBIOAK     INSTITUTE    OF     ELEOTEIOAL 
ENGINEERS. 


The  48th  meeting  of  the  Institute  was  held  at  the  House  of 
the  American  Society  of  Civil  Engineers,  127  East  23d  street, 
New  York,  June  17th,  1890. 

The  President,  Pbof.  W.  A.  Anthony  : — The  meeting  will 
please  come  to  order.  Mr.  Crocker  has  a  resolution  that  he  de- 
sires to  offer. 

Mb.  Cbogeeb  : — I  offer  the  following  resolution,  which  has 
been  recommended  by  the  Council,  to  the  Institute  for  considerar 
tion.  The  idea  is  that  it  shall  be  taken  up  for  action  at  our  next 
meeting,  which  will  take  place  in  the  Fall.  With  your  permis- 
sion, I  wiU  read  the  resolution  : 

WhertMy  It  has  been  the  custom  In  the  nomenclature  of  electrical  units  to 
perpetuate  the  names  of  men  who  have  contributed  most  to  electrical  science, 
and 

yflwnM^  In  the  names  thus  far  adopted  the  eminent  services  of  Americans 
have  not  been  recognized,  therefore 

Hesohed,  That  in  the  opinion  of  the  American  Institute  of  Electrical  Engi- 
neers, a  Just  distribution  of  the  honors  thus  bestowed  necessitates  a  recognition 
of  the  splendid  contributions  to  electrical  science  of  one  or  both  of  America's 
great  electricians— Benjamin  Franklin  and  Joseph  Henry  ;  and, 

Iie9olv6d,  That  this  Institute  will  gladly  co-operate  with  other  bodies  in  this 
country  and  abroad  to  secure  the  general  adoption  of  these  names  for  electrical 
units;  and, 

Beiolffed,  That  the  name  of  Henry  should  be  given  to  the  practical  unit  of 
self-induction,  since  he  was  the  discoverer  and  greatest  investigator  of  this  phe- 
nomenon, and  because  this  unit  at  present  time  is  called  a  quadrant,  which  is 
merely  a  numerical  value,  and  not  a  suitable  name. 

Resolved,  That  this  Institute  recommend  to  electrical  societies  and  electrical 
engineers  the  general  use  of  the  name  "  Henry  '*  for  the  unit  of  induction  as  be- 
ing the  quickest  and  surest  way  to  secure  its  final  adoptiou. 
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Dr.  W.  E.  Gbtbb  :  I  move  that  action  on  this  resolution  be 
deferred  until  the  next  meeting  of  the  Institute. 

SIr.  Mabtin. — I  second  the  motion. 

(Carried.) 

The  President. — The  next  business  before  the  meeting  will 
be  a  paper  on  the  "Efficiency  of  Transformers,"  by  Calvin 
Humphrey  and  W.  H.  Powell.  This  paper  will  give  you  the 
result  of  some  investigations  conducted  by  these  gentlemen  at 
Cornell  University.  The  paper  will  be  read  by  Mr.  Powell,  and 
I  now  have  the  pleasure  of  introducing  him  to  the  Institute. 

Mr.  Powell  then  read  the  following  paper. 
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EFFICIENCY    OF   THE   TRANSFORMER. 


BY   OALVIN  HUMFHBSY  AND  WILLIAM  H.  POWELL. 


In  parsning  this  particular  line  of  inyestigation  it  has  been 
onr  endeavor  to  throw  some  light,  if  possible,  upon  the  general 
subject  of  transformers  and  upon  the  action  of  iron  when  mag- 
netized and  demagnetized  by  an  alternating  current  of  high  peri- 
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FIG.   1 

odicity.     And  in  order  that  the  results  obtained  might  have  a 
practical  bearing,  the  conditions  of  working  were  made  to  con 
form  as  closely  as  possible  to  the  conditions  under  which  trans- 
former systems  are  operated  in  this  country. 

The  question  of  the  economy  of  the  commercial  converter  as 
a  transformer  of  energy  has  been  frequently  taken  up,  both  from 
practical  and  theoretical  standpoints,  both  with  widely  varying 
and  conflicting  remits.    The  losses  in  the  transfomer^f  the. 
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closed  circnit  type  have  been  considered  large  and  inevitable,  bo 
much  so,  in  fact,  that  Mr.  Swinbnrne  has  introduced  in  England 
a  new  form  of  open  circuit  transformer  known  as  the  "  hedge- 

OPEN  CIRCUIT.    PLATE  1. 
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OPEN  CIRCUIT. 

I. Primary  E.M.F. 

n.       •>       Carntnt 

IILSce(m«lar\-  K.M.F4 


hog."  It  has  been  Mr.  Swinburne's  endeavor  to  obviate  the  dis- 
sipation of  energy  in  hysteresis  and  Foucault  currents  in  a  part 
of  the  magnetic  circuit,  by  having  that  circuit  closed  through 
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air.  But  as  will  be  seen  later,  the  perfection  of  the  transformer 
is  to  be  met  in  a  better  grade  of  iron,  rather  than  in  any  radical 
change  in  design. 

The  results  presented  in  this  paper  are  of  especial  interest  as 
being  supplementary  to  the  work  of  Prof.  Bjan  and  Mr.  Merritt 
in  the  same  line,  which  was  presented  to  the  Institute  last  De- 

PLATE  II. 
Open  Circuit  (Old  lo-lt  Converter.)        (40-It  Converter.    Bolts  Out.) 
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cember.^  The  10-light  transformer  which  they  tested  was  found 
to  have  a  remarkably  heavy  loss  on  open  circuit,  which  was  shown 
to  be  due  almost  entirely  to  hysteresis  in  the  iron.  The  trans- 
former gave  an  efficiency  of  86  per  cent,  at  normal  load  and  an 
"  all-day  "  efficiency  of  about  40  per  cent. 

In  our  work  on  a  40-light  transformer  of  the  same  design, — 

1  TbaNSACTIONB,  p.  1  ante.  Digitized  by  LiUU^le 
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the  two  coils  placed  side  by  side  in  a  core  of  laminated  plates. 
Fig.  1, — ^but  of  more  recent  manafacture,  the  loss  on  open  circuit 
was  found  to  be  about  one  half  as  great  as  in  the  lO-Ught  tnuifr- 
former.  Its  efficiency  reached  96.2  per  cent,  at  normal  load,  and 
the  "  all-day  ^  efficiency  would  be  about  90  per  cent. 

The  method  employed  in  the  work  is  substantially  Prof.  Kyan's 
method.     The  instantaneous  values  were  obtained  by  means  of  a 


PLATE  III. 
OPEN  CIRCUIT,  LOW  E,  M.  F. 
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commutating  device  attached  to  the  alternator.  The  device  con- 
sisted of  a  wooden  disc,  mounted  rigidly  on  the  shaft  of  the  alter- 
nator, with  a  steel  contact  at  one  point  in  its  periphery,  which 
made  contact  with  a  small  piano-wire  brush  once  every  revolu- 
tion. The  holder  carrying  the  piano-wire  brush  was  attached  to 
a  second  wooden  disc  carrying  a  pointer  which  moved  over  a 
scale  and  indicated  the  position  of  the  brush  for  a  given  reading. 
By  means  of  a  clamp  screw  this  second  wooden  disk  carrying  the 
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brash  and  pointer  could  be  oonyenientlj  set  at  any  point.  Now 
since  the  steel  contact  in  the  wooden  disc  is  fixed  relatively  t6 
the  annatnre,  it  mnst  share  the  ever  varying  b.  m.  f.  of  thB  ftrma^ 
tnre.    Then  evidently  if  the  brash  which  completes  the  drcait 


PLATE  IV. 

SECONDARY  CURRENT,  a6.8  amp. 
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throagh  the  contact  be  altered  in  position,  valaes  can  be  obtained 
for  different  points  on  the  carves  of  b.  m.  f.  and  current. 

The  Byan  quadrant  electrometer  was  used  to  measure  the  pri- 
mary B.  u.  F.,  secondary  e.  m.  f.  and  primary  current.  A  con- 
denser was  connected  in  multiple  with  the  electrometer.  Th^ 
primary  current  was  measured  by  the  fall  of  potential  through 
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incandescent  lamps  placed  in  series  with  the  primary  of  the 
transformer.  These  lamps  were  carefnllj  calibrated  with  the 
standard  instmments  of  the  laboratory  in  order  to  know  their  re- 
sistance at  different  temperatures.    Then  knowing  the  resistance 


PLATE  V. 
SECONDARY  CURRENT,  44  amf. 
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of  the  lamps,  and  the  potential  difference  at  their  terminals,  the 
cnrrent  flowing  at  once  becomes  known. 

To  measure  the  b.  m.  f.,  twenty -two  50-volt  lamps  were  placed 
in  series  across  the  primaries.  The  electrometer  was  connected 
around  two  of  these  lamps,  and  the  whole  number  calibrated  in 
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order  to  know  just  what  part  of  the  total  impressed  b.  m.  f.  was 
measiired.  The  secondary  b.  m.  f.  was  measured  direct.  The 
secondary  current  was  measured  by  means  of  an  electro-dynar 


PLATE  VI. 
SECONDARY  CURRENT,  65.9  amp. 
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mometer,  which  was  carefully  calibrated  both  before  and  after 
the  experiments  and  was  found  to  be  constant.  The  commuta- 
ting  device  was  placed  in  series  with  the  electrometer.  Wires 
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were  ran  from  the  terminalB  from  which  the  measuremeiitB  were 
dedred  to  a  convenient  switch-board.  (Fig.  2.) 


FIO.  «. 
It  is  worthy  of  mention  that  this  method  which  gives  some 
thing  BO  definite  and  fundamental  in  the  treatment  of  the  alter 
nating  current  has  only  come  into  use  within  the  past  year,  and 


PLATE  VII.     WATT  CURVES. 
AMPERES  IN  SECONDARY 
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the  task  of  getting  true  iustantaneoos  valnes  of  the  complete 
waves  of  b.  m.  f.  and  curreiit  which  has  always  been  coiisideTed 
too  tedious  for  ordinary  patience  to  deal  with,  was  accomplished 
with  ease  in  this  work  in  forty-five  minutes.  A  calibrated  scale 
for  the  electrometer  readings  added  very  much  to  the  facility 
with  which  observations  could  be  taken. 

The  marked  improvement  of  the  40-light  transformer  over  the 
10-light  is  due,  we  believe,  to  an  improvement  in  the  magnetic 
properties  of  the  iron  and  a  fewer  number  of  turns  in  the  coils^ 
made  possible  by  the  better  grade  of  iron.  In  the  10-light  trans- 
former Foucault  currents  were  very  effectually  weeded  out  by 


V.'ATTS  IN  SECONDARY. 


the  interposition  of  sheets  of  paper  between  the  laminated  sheets 
of  iron ;  in  a  40-light,  the  oxide  of  iron  on  the  surface  of  the 
plates  was  the  only  safeguard  against  Foucault  currents. 

The  form  and  extent  of  the  open  circuit  curves  show  the  loss 
due  to  hysteresis  and  the  slight  loss  also  due  to  the  Foucault  cur- 
rents. The  presence  of  Foucault  currents  is  indicated  by  the  fact 
that  the  maximum  of  the  primary  current  wave  does  not  occur 
simultaneously  with  the  zero  of  primary  e.  m.  f.,  but  a  little 
before. 

The  primary  current  curve  was  again  taken  with  the  laminated 
plates  loose  and  free  to  vibrate.  The  loss  was  about  10%  less  than 
in  the  former  case  (Plate  II.)     This  is  thought  to  be  brought 
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about  by  the  decrease  in  the  hysteresis  loss,  due  to  the  increase  of 
mechanical  shock  arising  from  the  free  vibration  of  the  plates. 
The  vibration  was  very  perceptibly  increased.  The  curve  obtained 
is  more  regular  in  form  indicating  less  hysteresis  loss. 


PLATE  IX. 
WATT  CURVES.    OPEN  CIRCUIT. 
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The  lag  of  the  primary  carrent  behind  the  primary  e.  m.  f.  is 
seen  to  be  greatest  when  the  secondary  circuit  was  open  and  de- 
creases as  a  non-inductive  load  is  introduced  into  the  secondary 
circuit.    This  tendency  of  the  lag  of  the  primary  current  to  de- 
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crease  with  increase  of  load,  continues  until  the  curve  of  primary 
current  comes  into  unison  with  the  curve  of  secondary  s.  m.  f. 

The  secondary  e.  m.  f.  is  in  unison  with  the  primary  b.  m.  f. 
on  open  circuit  and  gradually  falls  behind  as  the  load  increases 
on  the  secondary.  This  is  doubtless  due  to  the  leakage  of  lines  of 
force  arising  from  the  enormous  magnetizing  forces  at  work  in 

PLATE  X. 
Small  Altbrmating  Cukrbnt  Motor  on  Sbcondaxy. 
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opposition  to  one  another  in  the  primary  and  secondary  circuits. 
When  an  inductive  resistance  is  introduced  into  the  secondary 
circuit,  the  lag  of  the  primary  current  is  greatly  increased,  as 
shown  by  the  set  of  curves  in  Plate  X.  The  inductive  resistance 
used  in  this  case  was  due  to  a  small  alternating  current  motor. 
The  curve  of  secondary  current  was  also  taken  and  found  to  lag 
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behind  the  secondary  e.  m.  f.  and  to  be  in  unison  with  the  primary 
•current.  About  5.5  amperes  flowed  in  the  secondary  and  yet  the 
lag  of  primary  current  is  as  great  as  on  open  circuit. 

Plate  XI  shows  the  relation  of  primary  current  and  primary 
E.  M.  F.  when  the  secondary  was  closed  through  the  secondary  of  a 
20-light  transformer  whose  primary  remained  open.    The  current 

PLATE  XI. 
INDUCTIVE  RESISTANCE  OF  SECONDARY. 
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curve  shows  a  distinctive  lag  from  the  inductiye  resistance  and  is 
altered  in  form  to  a  great  extent. 

In  Plate  IX  will  be  seen  the  watt  curves  for  open  circuit 
loss,  one  for  990  volts  and  the  other  for  740  volts.  From  the  value 
of  the  mean  ordinates  it  is  seen  that  the  loss  varies  strictly  as  the 
square  of  the  impressed  s.  m.  f. 
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In  Plate  II  is  plotted  to  the  same  scale  the  current  which 
flowed  on  open  circuit  in  the  case  of  the  10-light  transformer  and 
the  40-light  transformer. 

Plates  IV,  V,  and  VI  show  the  curves  of  primary  e.  m.  f. 
and  current  and  secondary  s.  m.  f.  for  different  loads,  from 
which  the  watt  curves  of  Plate  VII.  are  computed  by  taking  the 
product  of  corresponding  ordinates  of  primary  s.  m.  f.  and  cur- 
rent. 

The  efficiency  curve  shown  in  Plate  VIII.  is  the  ratio  between 
the  energy  of  tiie  primary  circuit  as  indicated  by  the  mean  ordi- 
nate of  the  watt  curve,  and  the  energy  of  the  secondary  circuit  as 
expressed  by  the  product  of  the  |/inean*  readings  for  s.  m.  f.  and 
the  current.    The  coercive  force  is  equal  to  .8  o.  o.  s. 

These  considerations  go  to  show  that  the  loss  due  to  the  reversal 
of  polarity  of  the  iron,  which  perhaps  must  always  be  present 
may  be  reduced  almost  indefinitely  by  a  proper  study  of  the  mag- 
netic properties  of  the  iron  used. 


The  Psbsidknt. — As  the  next  paper  touches  upon  the  same 
subject  we  will  have  it  read  before  any  discussion  takes  place. 
The  paper  is  by  Prof.  Harris  J.  Ryan,  of  Cornell  University.  It 
is  in  continuation  of  the  work  which  the  Professor  gave  to  you 
last  winter. 

Pbof.  Rtan  then  read  the  following  paper  : 
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A   paper   read   at  tkt  4Stk  Metting  of  the   Amtrican 
InttituU  of  Electrical  Engineered  New   York,  fune 


SOME   EXPERIMENTS    UPON   ALTERNATING 
CURRENT  APPARATUS. 


BT   HARRIS  J.    RYAN. 

It  ifi  well  known  that  when  the  core  of  a  transformer  is  heated 
nnder  certain  favorable  conditions,  the  secondary  will  deliver 
electrical  energy  in  amount  considerably  greater  than  when  the 
core  is  not  heated,  and  that  this  is  done,  too,  without  an  increase 
of  the  energy  that  is  supplied  to  the  primary.  In  fact,  we  are 
told  that  on  heating  the  core  of  the  properly  constructed  trans- 
former that  there  will  follow  a  diminution  of  energy  taken  up 
by  the  primary  and  a  considerable  increase  in  that  given  out  by 
the  secondary. 

In  some  recent  experiments  made  in  the  Physical  Laboratory 
of  Cornell  University,  it  was  not  possible  to  obtain  the  above 
eflEect.  Mr.  L.  B.  Marks,  a  student  in  electrical  engineering  at  Cor- 
nell, made  an  apparatus  that  differed  materially  from  the  forms 
that  were  first  made  use  of  in  which  he  found  this  phenomenon 
very  marked. 

For  two  reasons  do  we  think  that  the  details  of  the  performance 
of  Mr.  Marks's  apparatus  will  be  of  interest  to  the  members  of 
the  Institute — ^first,  that  they  indicate  clearly  the  source  of  energy 
in  the  phenomenon  observed  with  his  apparatus,  and  second, 
that  they  show  in  exaggerated  form  certain  phenomona  that  must 
be  done  away  with  in  a  transformer  that  is  to  be  used  for  in- 
candescent lighting. 

A  good  idea  of  the  apparatus  will  be  obtained  by  a  glance  at 
Fig.  1.  The  core  consisted  of  nine  well-rusted  rings  1.1  cms. 
thick  and  of  a  mean  diameter  of  17  cms.  each.  The  number  of 
turns  on  the  primary  was  500 ;  on  the  secondary  155 ;  size  of 
bare  copper  wire  in  each  was  No.  18  B.  &  S.  gauge.    The  wire 
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was  insulated  with  asbestos  paper,  and  because  of  its  thickness, 
the  primary  and  secondary  turns  with  their  insulation  occupied 
a  space  of  abnormal  proportions.  The  resistance  of  the  primary 
was  1.65  ohms,  and  that  of  the  secondary  was  0.71  ohms. 

The  maximum  magnetization  used  in  the  core  in  any  of  the 
experiments  here  described,  was  not  above  3,000  lines  per  square 
cms. 

The  diagrams.  Figs.  2,  4,  5  and  6,  represent  grapliically  the 
observations  that  were  made  with  the  apparatus. 

From  these  diagrams  are  deduced  the  following  results : 

Fig.  2.  Secondary  open;  no  extraneous  heat  applied;  tem- 
perature of  the  core,   97.5   C;  primary  e.  m.  f.,  75.6  volts; 

75.6 
secondary  e.  m.  f.,  16.4  volts ;    ratio  4.6 ;  secondary  cur- 


rent, 0.0. 


16.4 


Fig.  1. 
Fig.    4.    Secondary    open ;    core    heated ;    temperature    of 
core,  300  C ;  primary  e.  m.  f.,  99.4  volts ;  secondary  e.  m.  f., 
99.4 

24.5  volts ;  ratio, —  4 ;  secondary  current,  0.0. 

24.5 
Fig.  5.  Secondary  closed ;  no  heat  applied ;  temperature  of 
the  core,  100.0  C;  primary   e.   m.   f.,   89.3   volts;   secondary 

.S9.3 
B.  M.  F.,  11.9  volts;  ratio, —  S.l .  secondary  current,  2.a 

amperes.  11.9  Digitized  by  VjOOQIC 
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Fig.  6.  Secondary  closed  ;  core  heated  ;  temperature  of  core, 
270  0;  primary  e.  m.  f.,  95.7  volts;  secondary  b.  m.  f.,  13.4 
95.7 

volts ;  ratio, «=  7.1 ;  secondary  current,  2.4. 

13.4 

Tablk  1. 

Temp. 
*i,    SecondiLry  open,  no  heat  applied  to  core.  97.5''  C 

4.  Secondary  open,  heat  applied  to  core  ..     300.*"  C 

5.  Secondary  closed,  no  heat  applied  to  core.  100.  **  C 

6.  Secondary  cIoBed,  heat  applied  to  core. . .  270.°  C 


Primary  Primaiy  Seooad'y 


B.  M.  P. 

75.6 
99.4 
89.8 
96.7 


Watts. 
87. 

88. 
139. 
129. 


Watts. 

0.0 

0.0 

24. 

86.7 


Data  are  presented  in  the  latter  part  of  this  paper  showing 
that  it  is  correct  to  assume  for  small  ranges  that  the  loss  in  the  core 
is  proportional  to  the  square  of  the  primary  e.  m.  f. 

AVe  can,  therefore,  deduce  from  Table  1  the  results  that  would 


Fig.  2. 

have  been  obtained  with  90  volts  as  the  primary  e.  m.  f.  for  the 
four  experiments. 

Table  2. 


Primary,  90  volts.  120  reversals  per  sec. 

Loss  in                              IVimary               Secondary 

Temp. 

core.                                  Watts                     Watts. 

2. 

97.5    C 

122.                                   122.                        0.0 

4 

300.  '  C 

72.                             72.                   0.0 

270.  ^  0 

79.     (estimated)      79.                  0.0 

5. 

99.   ^  C 

117.                          181.                 24. 

corrected  for 
resistance  of 

6. 

270.  '  C 

80.                         116.7.               86.7 

secondary. 

These  figures  in  Table  2  show  clearly  that  the  loss  in  the  core 
is  greatly  diminished  when  its  temperature  is  elevated,  i.  e,^ 
when  licat  is  applied,  and  that  the  loss  in  the  core  is  practically 
independent  of  the  output.     The  results  indicate  that  with  the 
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secondary  open  and  the  primary  at  a  difference  of  potential  of 
90  volts  without  heat  applied,  the  core  came  to  a  temperature  of 
97*^  C,  and  dissipated  122  watts ;  then  by  the  application  of  heat 
with  the  Bnnsen  burner,  as  indicated  in  Fig.  1,  the  temperature 
of  the  core  was  raised  to  300®  C,  and  was  found  to  take  up  72 
watts.  Now,  if  we  assume  the  change  in  watts  dissipated  in  the 
core  to  be  approximately  proportional  to  the  changes  in  tempera- 
ture that  produced  the  same,  then  we  see  by  estimation  that  79 
watts  would  have  been  dissipated  by  the  core  at  270  •^  C,  while 
80  watts  were  found  to  have  been  dissipated  by  it  at  that 
temperature  when  the  secondary  was  closed,  and  gave  an  out- 
put of  32  watts. 

It  is  perfectly  plain,  therefore,  why  we  can  close  the  sec- 
ondary, take  from  it  32  watts,  elevate  the  temperature  of  the 
core  170®  C,  and  have  the  primary  take  up  5  watts  less  than 


Fig,  3. 


when  the  secondary  was  open,  and  the  core  at  the  lower  tem- 
perature. 

Since  the  effect  is  due  only  to  the  fact  that  the  core  takes 
much  less  energy  at  higher  than  at  lower  temperatures,  and  since 
the  core  can  dissipate  energy  through  Foucault  current  and 
hysteresis  phenomena  only,  it  is  due  to  a  decrease  of  the  total 
energy  dissipated  through  changes  in  the  above  phenomena. 

A  rise  of  temperature  in  the  core  will  increase  its  specific  re- 
sistance, and  therefore  diminish  the  energy  dissipated  by  Fou- 
cault currents.  For  decided  degrees  of  magnetization  it  is 
known  that  the  permeability  of  iron  increases  when  it  under- 
goes a  rise  of  temperature.  It  was  thought  probable,  there- 
fore, that  the  energy  dissipated  per  cycle  of  magnetization 
and  demagnetization  would  be  decreased  with  an  increase  of 
temperature. 
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Experiments  were  made  in  the  Physical  Laboratory  of  Cornell 
University  by  Arthnr  Herschel  on  the  hysteresis  at  high  tem- 
peratures of  a  cast-iron  ring,  12.3  cms.  in  diameter  that  furnish- 
ed a  closed  magnetic  circuit,  the  length  of  which  is  38.5  cms. 
The  ring  was  wound  with  30  turns  of  No.  8  wire  cable  that  had 
a  mica  insulation. 

The  highest  temperature  to  which  the  ring  was  subjected  was 
360®  C.  The  results  of  those  experiments  are  represented 
graphically  in  Fig.  7. 

One  interesting  thing  about  these  results  is  that  for  degrees  of 
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magnetization  below  2,000  lines  per  square  cm.  the  variation  of 
temperature  below  360*=^  C.  does  not  change  the  magnetic  charac 
ter  of  the  iron  by  an  observable  amount.  For  .if  wrought  iron 
behaves  in  a  similar  manner  then  the  decrease  of  energy  dissi- 
pated in  the  apparatus  of  Mr.  Marks  was  not  due  wholly  nor  in 
part  to  a  diminution  in  the  hysteresis  of  the  iron.  It  was  therefore 
due  entirely  to  the  diminution  in  Foucault  currents,  caused  by 
the  change  of  the  resistance  of  the  iron.  A  liberal  estimate  for 
the  hysteresis  of  the  core  is  twenty  watts,  whence  the  Foucault 
energy  dissipated  by  the  core  at  100®  C  and  90  volts  was  102 
watts,  and  at  270°  0  and  90  volts  it  was  60  watts. 
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The  range  of  temperature  that  produced  this  change  was  170°. 
The  magnetization  for  each  condition  is  the  same,  so  that  it  is 
fair  to  assume  that  e.  m.  f.  setting  up  the  Foucault  currents  is 
the  same,  and  that,  therefore,  the  energy  dissipated  by  Foucault 
currents  will  diminish  as  the  resistance  of  the  iron  is  increased 
by  the  eleration  of  its  temperature. 

This  gives  us  a  rough  determination  for  the  temperature  co- 
efficient of  the  iron  to  be  .4  of  one  per  cent,  per  degree  centi- 
grade, which  agrees  with  Matthiessen's  deterihination  and 
furnishes  a  fair  check  upon  the  conclusion  just  arrived  at. 

The  second  interesting  feature  about  the  performance  of  Mr. 
Marks's  apparatus  lies  in  the  fact  that  the  ratio  of  primary  to 
secondary  turns  was  3.2,  while  the  relation  of  primary  to  secon- 
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dary  b.  m.  f.,s  varied  from  4  to  8.  In  this  it  exhibited  exceed- 
ingly bad  regulation  so  that  by  examination  of  the  diagrams  2, 
4,  5  and  6,  we  can  see  in  exaggerated  form  the  trouble  it  is  so 
hard  to  become  rid  of  in  transformers  to  be  used  for  incandescent 
lighting.  Any  one  of  these  diagrams  shows  that  a  large  portion 
of  the  lines  of  magnetization  that  were  set  up  about  the  primary 
was  not  set  up  about  the  secondary.  Tliat  is  to  say,  the  counter 
B.  M.  F.  that  is  produced  in  the  primary  is  due  to  the  magnetiza- 
tion through  it,  that  also  took  place  through  the  secondary,  plus 
the  variation  of  magnetization  that  was  set  up  in  its  own  air 
space  and  that  leaked  by  the  secondary  through  the  air.^When 
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the  transformer  f omisheB  current  this  difference  becomes  greater 
and  greater,  because  of  the  increased  current  in  the  priniary 
and  the  setting  up  of  a  counter  magnetization  by  the  secondary 
current  in  its  own  air  space  that  still  further  reduces  the  mag- 
netization through  it. 

Fig.  1  shows  the  primary  disposed  on  one  side  and  the  secon- 
dary on  the  other  side  of  the  annular  core.  The  insulation  ^rae 
provided  by  thick  asbestos  paper  that  produced  large  air  spaces 
between  the  turns  in  which  magnetization  was  provided. 

In  Fig.  2,  E.  M.  F.,  curve  J,  is  the  counter  b.  m.  f.  in  the  pri- 
mary produced  by  the  magnetization  through  it  that  also  took 
place  through  the  secondary  and  which  is  obtained  by  multiplying 
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the  secondary  e.  m.  f.  by  3.2,  the  ratio  of  the  turns ;  e.  m.  f.  C'  is 
the  curve  of  counter  e.  m.  f.  in  the  primary  that  was  produced 
by  magnetization  through  the  primary  that  did  not  take  place 
through  the  secondary.  This  is  obtained  by  subtracting  e.  m.  f. 
b  from  E.  M.  F.  a  /  e.  m.  f.  o  is  seen  to  be  approximately  propor- 
tional to  the  rate  of  change  of  the  primary  current,  which  sug- 
gests magnetization  that  is  set  up  through  the  primary  that  is 
proportional  to  the  primary  current,  or  that  which  is  set  up  in 
tibe  air,  or  in  a  magnetic  circuit  compounded  of  iron  and  air. 

In  the  same  figure  the  curves  of  magnetization  a  and  h  are  ob 
tained  graphically  from  the  curves  of  s.  m.  f.  a  and  b  by  the 
method  shown  in  Fig.  8. 
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This  method  is  fonnd  to  be  fully  as  accurate  and  requires 
much  less  time  and  is  more  simplified  than  the  analytic  method, 
making  use  of  Fourier's  theorem.  By  substracting  h  from  a  we 
obtain  c^  the  curve  of  magnetization  that  was  produced  through 
the  primary  and  not  through  the  secondary.  This  curve  of 
magnetization,  o,  is  seen  by  the  diagram  to  be  of  about  the  same 
form  as  the  current  curve,  but  to  lag  behind  the  latter,  which  in- 
dicates that  it  was  magnetization  that  was  produced  through  air, 
and  air  and  iron 
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During  the  discussion  at  a  recent  meeting  of  the  Institute  the 
question  was  asked  whether  measurements  of  Foucault  currents 
and  hysteresis,  as  separated  from  each  other,  had  ever  been 
made. 

There  can  be  no  doubt  but  that  we  do  have  separate  determi- 
nations of  those  quantities  when  we  have  determined  the  energy 
dissipated  in  a  magnetic  circuit  of  iron  by  rapid  cycles  of  mag- 
netization and  demagnetization,  and  the  energy  dissipated  l^ 
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static  hysteresis  for  the  same  rapidity  and  degree  of  magnetic 
changes  as  determined  from  a  Ewing  card,  observed  through 
slow  magnetization  and  demagnetization. 

Figs.  8  and  9  are  two  good  illustrations  of  such  determina- 
tions. 

In  Fig.  8,  the  outer  card  represents  the  card  obtained  from 
the  existing  current  and  magnetization  curves  taken  carefully  at 
138  periods  from  the  10-light  transformer  upon  which  the 
tests  were  made  that  were  communicated  to  the  Institute  by  the 
writer  at  the  last  December  meeting.*    The  inner  card  drawn  in 
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Fig.  8. 


a  full  line  in  Fig.  8,  is  the  Ewing  card  of  static  hysteresis.  This 
transformer  on  being  taken  apart  was  found  to  have  its  discs  in- 
sulated with  paper  so  that  the  statement  made  by  the  writer  in 
December  in  regard  to  the  inpulation  of  the  transformer  was  er- 
roneous in  this  particular.  Foucault  currents  should  therefore 
be  found  to  be  quite  absent  as  the  diagram  in  Fig.  8  indicates. 
A  study  of  these  cards  does  not  reveal  that  which  can  be  recog- 
nized as  a  trace  of  viscous  hysteresis  and  they  diflEer  only  by  an 
amount  of  Foucault  current  energy  that  is  represented  by  a  small 
current  lagging  approximately  an  eighth  of  a  period  behind  the 
primary  impressed  k.  m.  f. 


1.  Transactions  p.  1  anU. 
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In  Fig.  9.  the  outer  card  is  deducted  from  the  current  and 
magnetization  curves  that  are  represented  in  Fig.  12.  These 
curves  were  obtained  with  195  alternations  per  second  from  a  cast 
iron  ring  8.  6  cms.  in  diameter,  and  2.  7  sq.  cms.  in  cross-section, 
wound  with  200  turns  of  wire  that  had  a  negligible  resistance. 

In  Fig.  9,  the  inn-r  card  is  the  card  of  static  hystersis. 
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In  Fig.  1 2,  the  lower  broken  current  curve  is  that  of  the  excit- 
ing current  curve  drawn  in  from  the  inner  card  of  Fig.  9.  By 
subtracting  this  current  from  the  one  that  was  observed,  we  ob- 
tain the  upper  broken  current  curve,  which  is  the  current  that 
exists  to  supply  the  Foucault  current  energy  in  the  core.  The 
point  to  be  noticed  from  the  two  extreme  cases  here  taken  up  is 
that  in  each  case  the  curve  or  current  supplying  the  Foucault 
current  energy  is  about  one-eighth  of  a  period  behind  the  im- 
pressed E.  M.  F. 

Messrs.  Fortenbaugh  and  Sawyer,  students  in  electrical  engi- 
neering at  Cornell  University,  made  determinations,  the  results 
of  which  are  e^iven  in  Table  8,  of  the  amounts  of  energy  that 


Fig.  11. 


Tablb  8 
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4.9 
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8.o6 

175 
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8.56 

58 

12 

86 

8.14 

178 
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** 
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86 

'* 

96 
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86 

I* 

92 

17 

86 
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47 

(Cast  iron  diam.,  8.6  cms 

) 

18 

86 

2.7 

160 

Ma^etization 

Loss  Watts 

per  aq.  cm. 

per  cu.  cm. 

5,8«'ii 

.18 

8,560 

.46 

11.180 

.75 

6.0()0 

.14 

9  480 

.88 

1(1,980 

.48 

7,250 

.10 

1J<,860 

.41 

18.«»«H) 

.10 

8,150 

.19 

8.760 

.12 

9,200 

.16 

14.9U0 

.29 

18,0<»0  app, 

.48 

10,700 

.15 

17.800 

.88 

18,000  app. 

.18 

4,920 

1.50 

are  taken  up  per  cu.  cm.   in  wrought-iron  wire  cores,  of  different 
degrees  of  lamination,  at  various  degrees  of  magnetization,  and  at 
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Fig.  12. 

different  periodicities  in  which  the  oxydized  surface  of  the  iron  was 
depended  upon  for  insulation.  They  made  use  of  four  iron  wire 
rings  the  mean  diameter  of  each  of  which  was  8.9  cms.  and  on 
each  of  which  were  wound  200  turns  of  wire  that  had  a  negli- 
gible resistance. 

Figs.  11.  and  13,  are  given  for  illustrating  the  extreme  varia 


Fro.  18. 
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tion  in  the  character  of  the  excitiug  current  in  going  from  the 
lowest  to  the  highest  degree  of  magnetization. 

The  results  show  on  account  of  the  presence  of  Foucault  cur- 
rents to  a  larger  extent  for  the  higher  degrees  of  magnetization, 
a  variation  in  losses  as  the  square  of  the  periodicity  and  the 
square  of  the  magnetization.  The  results  obtained  with  the  sev- 
eral cores  at  the  periodicity  of  175  have  been  plotted  in  Fig.  14. 

The  core  of  No.  36  wire  agrees  closely  with  Swing's  determi- 
nation of  static  liysteresis  for  moderately  soft  wrought-iron,  and 
is  therefore  entirely  free  from  Foucault  currents.     It  is  interest- 


ing to  note  that  for  the  cores  of  No.  36,  No.  24  and  No.  16, 
there  is  but  little  difference  in  the  losses  for  degrees  of  magneti- 
zation below  4,000  lines  per  centimeter. 

Likewise  that  for  the  higher  degrees  of  magnetization  it  is  seen 
that  the  loss  is  proportional  to  the  magnetization  as  Swing's  re- 
sults on  static  hysteresis  given  in  Fig.  in  indicates  they  should 
be. 

Diagram  1 3,  shows  the  effect  of  compelling  the  magnetization 
to  be  carried  above  the  bend  of  the  characteristic  curve  of  the 


iron. 


DISCUSSION. 


The  President  :  —These  two  papers  are  before  you  now  for 
discussion.  We  shall  be  glad  to  near  from  any  members  of  the 
Institute  or  others  who  have  anything  to  say  upon  the  subject. 

Dr.  Geyer  : — T  do  not  recollect  Prof.  Ryan  stating  how  those 
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lines  of  which  figure  14  ^ves  a  graphic  representation  were 
determined.     I  wonld  ask  him  to  please  state  tnat  ? 

Pbof.  Ryajn  : — They  were  determined  in  the  same  manner 
that  the  loss  is  determined  in  the  transformer  that  was  described — 
that  is,  by  observing  the  curves  of  current  and  e.  m.  f.,  and 
deducting  Watt  curves  from  them. 

Dr.  Geykr: — You  got  simultaneous  currents  and  electro- 
motive force  curves  ? 

Pbof.  Kyan  : — Yes,  sir. 

Db.  Geyeb  : — And  all  these  curves  on  the  first  half  of  the 
page  were  determined  bv  the  same  general  method  ? 

rROF.  Kyan  : — Yes,  sir. 

Dr.  Geyeb  : — Do  I  understand  you  to  say  that  the  curve  of 
primary  in  fact  would  vary  with  every  variation  in  the  running 
of  the  machine  ? 

Prof.  Ryan  ; — Not  in  every  variation  of  the  running  of  the 
machine  ;  but  it  was  observed  to  vary  when  the  field  excitation 
of  the  machine  was  changed.  The  excitation  was  changed  in 
order  to  get  a  change  of  e.  m.  p.  I  do  not  suppose  its  perform- 
ance woiud  be  found  to  be  just  like  a  large  machine. 

Db.  Louis  Bell  : — I  would  like  to  ask  Mr.  Powell  about  the 
iron  in  that  transformer.  I  confess  that  I  have  a  good  deal  of 
faith  in  iron  good  enough  to  give  an  all-round  efliciency  of  90 
per  cent.  I  would  like  to  know  how  the  thickness  of  the  iron  in 
that  fortv-light  transformer  compared  with  the  thickness  of  the 
iron  in  the  ten-light  transformer ;  in  other  words,  whether  he 
determined  in  detail  its  magnetic  properties  aside  from  those 
given  on  this  paper? 

Mb.  Powell  : — We  did  not  measure  the  thickness  of  the  iron, 
but  as  far  as  I  am  able  to  judge,  it  was  of  the  same  thickness ; 
and,  in  regard  to  that  Ewmg  card,  we  took  several,  one  after 
another,  and  they  are  all  practically  the  same.  That  was  as  far 
as  we  went  in  studying  the  properties  of  the  iron. 

Mb.  Townsend  W  oloott  : — in  any  of  these  curves  of  hyste- 
resis did  you  obtain  evidence  of  viscous  hysteresis  ? 

Pbc  F.  fey  \n  : — No,  sir. 

Mb.  Woloott  : — That  result  is  very  interesting  and  seems  a 
little  extraordinary  to  me. 

Pbof.  Kyan  :— W  hat  I  mean  bjr  the  matter  is  merely  this ;  that 
the  agreement  of  the  card  of  static  hysteresis  is  so  close  with  that 
observed  at  the  high  rate  of  ma^etic  change  that  from  that 
I  was  of  the  opinion  that  one  could  see  very  uttle  effect  due  to 
viscous  hysteresis,  unless  I  have  a  wrong  impression  as  to  what 
viscous  hysteresis  is. 

Mb.  W m.  Stanley,  Je.  : — Professor  Kyan  has  spoken  of  the 
constant  polarix.  If  you  look  at  Humphrey  and  Powell's  paper, 
on  the  left  hand  side  near  figure  2  there  is  a  section  of  the  con- 
verter. A  smaller  coil  represents  the  secondary,  and  the  larger 
coil  the  primary.    That  same  action  described  by  Prof.  Kyan 
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takes  place  in  this  converter.  Tlie  secondary  heads  off  the  lines 
from  the  primary  from  passing  through  the  secondary  circuit. 
This  causes  a  drop  of  potential  in  the  converter  between  open 
circuit  and  a  full  load  of  about  two  volts  over  that  which  is 
found  by  the  wasting  of  energy  in  the  converter.  I  would  like 
to  ask  Prof.  Ryan  what  was  the  maximum  number  of  lines  per 
square  centimetre  that  lie  used  in  the  magnetization  curves  of  the 
forty-light  transformer? 

Prof.  Ryan  : — I  do  not  know  that  1  can  answer  that  question 
exactly,  but  I  am  very  sure  that  the  maximum  number  that 
Messrs.  Powell  and  Humphrey  used  in  their  experiments  was  not 
higher  than  about  forty-five  hundred  lines  per  square  centimetre. 
The  diagram  that  is  presented  here  is  incorrect,  Mr.  Stanley,  and 
the  figures  given  there  should  be  multiplied  by  about  four-tenths 
and  the  proper  values  would  then  be  attained. 

Mr.  Stanley: — I  think  it  is  the  general  practice  to  use  about 
3,000  for  magnetization. 

Mr.  Joseph  Wetzler: — I  did  not  quite  catch  what  Prof.  Ryan 
described  as  the  difference  in  the  ratio  of  electro-motive  force  in 
the  primary  and  the  secondary  in  his  experiments. 

Prof.  Ryan  : — To  what  the  difference  is  due  ? 

Mr.  Wetzlkr  : — Yes,  sir ;  to  what  it  would  describe. 

Prof.  Ryan  : — (Indicating  a  figure  on  the  blackboard).  There 
is  a  great  deal  of  air  space  surrounding  the  wires  of  the  primary 
and  those  of  the  secondary,  and  while  the  magnetic  resistance  of 
air  is  very  much  higher  than  that  of  iron,  that  of  the  air  circuit 
is  verv  short  and  a  certain  amount  of  magnetization  is  set  up  about 
the  wires  of  the  primary  in  its  own  air  space.  On  account  of  the 
Foucault  currents  that  are  set  up  on  this  side  a  certain  number  of 
lines  will  often  pass  down  between  the  primary  and  the  secondary 
coils,  and  since  the  secondary  does  not  embrace  all  of  the  lines 
of  force  therefore,  that  are  set  up  in  the  primary,  the  electro- 
motive force  that  is  produced  in  the  secondary  will  not  be  that 
which  the  ratio  of  the  terms  of  the  primary  to  the  terms  of  the 
secondary  would  indicate.  That  is,  if  we  had  taken  the  155  turns 
and  had  wound  them  right  in  here  in  the  same  position  that  the 
turns  of  the  primary  were  wound,  then  we  should  have  obtained 
a  ratio  of  transformation  that  is  exactly  equal  to  that  of  the  ratio 
of  the  turns. 

Mr.  Stanley. — Isn't  it  possible  that  the  air  space  increases 
the  lag  of  the  secondary  current  i  Three  or  four  years  ago  I 
made  a  transformer  that  would  give  a  constant  current  on  the 
secoiulary  by  making  the  same  device  that  Prof.  Ryan  has  shown 
and  l)ringing  the  center  web  down.  Prof.  Thomson  also  did 
something  of  the  kind  But  if  the  secondary  coil  has  a  local 
magnetic  circuit  wherever  it  is  so  placed  upon  the  core  that  the 
iiir  resistance  around  the  secondary  current  is  low,  then  it  changed 
tlie  lag  of  the  secondary  current  and  you  get  a  constant  second- 
ary current  constantly  applied  to  the  primary  potential. 
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Prof.  Ryan. — We  have  observed  just  that  very  thing  in  mak- 
inff  our  experiments  with  transformers  also. 

Mr.  Wbtzlbr. — Mr.  Stanley  has  remarked  that  in  order  to 
overcome  the  leak  that  occurs  when  the  wires  are  wound  side  by 
side  thev  have  been  super-posed.  I  would  like  to  know  what  the 
eflEect  01  that  increased  length  of  wire  would  be  which  would  be 
required  in  such  a  case  ? 

Mr.  Stanley. — If  one  were  wound  on  top  of  the  other,  the 
secondary  would  be  proportionately  shorter  and  the  primary  pro- 
portionately longer. 

Prof.  Ryan  :— I  would  like  to  say  a  word  further  in  regard 
to  the  point  referred  to  by  Mr.  Stanley,  and  that  is  the  large 
amount  that  the  secondary  electromotive  force  fell  off  in  these 
experiments  of  Mr.  Marks,  which  shows  the  point  quite  well,  I 
thmk,  that  Mr.  Stanley  has  brought  up.  That  is,  when  you 
allow  the  secondary  to  furnish  current,  then  lines  of  force  are 
set  up  in  the  air  space  of  the  secondary,  counter  to  the  lines  of 
force  that  are  already  set  up  through  the  core,  and  since  thev  are  in 
opposite  directions,  what  you  get  so  far  as  electromotive  force  is 
concerned  in  the  secondary  is  virtually  the  sum  of  the  two,  and 
that  therefore  when  jrou  load  down  the  secondary,  the  secondary 
difference  of  potential  will  go  right  on  down  and  have  no  re- 
lations hardly  to  tlie  internal  resistance  of  the  apparatus. 

Mr.  Stanley  : — Has  Prof.  Ryan  ever  considered  the  problem 
of  transforming  alternate  currents  by  using  high  periods,  possi- 
bly 10,000  a  second,  and  no  iron  ?  1  think  that  is  a  very  good 
field  for  investigation. 

Prof.  Ryan: — We  have  never  attempted  any  thing  in  that  line, 
I  think,  though,  it  is  a  very  interesting  field. 

A  Member  :  — I  notice  in  some  of  these  curves  of  magnetiza- 
tion, as  they  are  called,  that  they  seem  to  be  followed  by  the  sine 
law,  and  I  did  not  catch  very  clearly  how  they  were  obtained, 
whether  by  experiments  or  not.  But  if  we  plot  out  from  the 
hysteresis  eurves  of  E  wing's  curves  of  magnetization  resulting 
from  a  magnetization  current  which  follows  the  sine  law,  the 
magnetism  resulting  fnjm  that  will  not  by  any  means  follow  the 
sine  law.  It  will  be  a  rather  blunt  curve,  coming  up  sharply  at 
the  start,  and  then  remaining  near  the  maximum  value  for  quite 
a  length  of  time.  That  is,  it  will  be  Hat  on  top.  I  would  ask 
Profr  Ryan  if  any  such  result  has  been  obtained  in  any  of  his 
researches  or  experiments,  or  how  this  curve  was  obtained  that 
he  has  here  ? 

Prof.  Ryan  : — In  answer  to  the  one  (piestion  I  would  say  that 
we  have  taken  what  is  usually  called  a  **  choke  coil,"  and,  as  it 
were,  forced  an  alternating  current  of  a  sine  curve  through  it 
and  obtained  such  a  difference  of  potential  as  would  indicate  tho 
curve  of  magnetization  ;  then,  when  you  work  back  by  means  of 
this  curve  of  electromotive  force,  which  is  eoual  to  the  change 
of  magnetization,  it  shows  just  such  a  curve  of  magnetization  as 
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you  say  you  get  by  the  card  of  static  hysteresis  of  Ewing.  And 
with  regard  to  the  manner  in  which  these  curves  of  magnetiza- 
tion here  have  been  obtained,  I  would  say  that  in  some  cases  they 
have  been  obtained  analytically  by  determining  an  equation 
compounded  of  sine  curves  that  express  the  curve  of  electro- 
motive force  that  was  actually  obtained,  and  from  that,  determin- 
ing the  curve  of  magnetization,  which  curve  of  magnetization  is 
merely  a  curve  whose  rate  of  change  of  ordinates  is  proportional 
to  the  curve  of  the  electromotive  force  that  was  actually 
observed.  You  have  a  different  case  in  a  transformer  where  ^^he 
resistance  of  the  primary  is  practically  ineligible  as  compared  to 
the  full  pressure  on  the  primary.  There,  the  magnetization  must 
follow  the  law  which  is  defined  as  the  rate  of  change  in  the 
curve  of  primary  electromotive  force.  It  has  to  do  that,  regard- 
less of  what  current  must  flow  to  produce  such  magnetization  in 
the  circuit  of  the  transformer.  And  that  is  quite  well  brought 
out  in  one  of  the  diagrams  which  I  have  here.  (Here  the  Profes- 
sor illustrated  from  a  diagram  on  the  blackboard).  We  have 
here  a  coil  sometimes  called  a  "  choke-coil,"  but  merely  a  mag- 
netic circuit  wound  with  a  certain  number  of  turns  of  wire  that 
had  quite  entirely  a  negligible  resistance,  and  it  was  subject  to  a 
certain  difference  of  potential,  and  if  the  resistance  of  the  coil  be 
negligible,  then  current  will  flow  at  any  instant  to  make  the  rate 
of  change  in  magnetization  in  that  magnetic  circuit  proportional  to 
the  difference  of  potential  to  which  it  is  subjected.  The  conse- 
quences were  that  at  this  point  (indicating)  this  coil  of  No.  36 
iron  wire  came  to  a  magnetization  of  about  15,000,  and  it  took  a 
considerable  number  of  ampere  turns  to  raise  its  magnetization 
beyond  that.  In  some  cases  1  know  that  it  went  very  much 
higher  than  that,  in  making  the  magnetization  follow  a  sine 
curve  throughout  that  side  (indicating). 

A  Member  : — I  would  like  to  learn  if  Professor  Eyan  knows 
about  what  temperature  the  increase  of  economy  disappears  by 
heating  the  core  on  account  of  the  magnetic  property  of  the 
iron? 

Pbof.  Eyan  : — I  think  that  is  a  matter  that  is  entirely  known. 
.  You  see  since  this  effect  can  only  come  in,  when  you  have  a 
large  quantity  of  energy  dissipated  by  Foucault  currents,  that 
in  the  case  of  commercial  transformers  there  would  be  no  such 
limit.  Mr.  Herschel's  results  show,  too,  within  the  ranges  of 
magnetization  that  would  be  used  in  a  commercial  transiormer 
that  any  temperature  to  which  it  would  be  subject  would  not 
change  the  hysteresis  by  an  observable  amount,  and  therefore 
I  think  that  so  far  as  a  practical  view  is  concerned,  such  limit 
would  not  be  sought. 

Mk.  Charles  Steinmhtz  : — Professor  Eyan  says  they  could 
find  the  ma^etization  of  the  core  by  calculating  an  analytical 
expression  given  by  the  scope  of  electromotive  force.  I  would 
ask  whether  he  found  in  this  analytical  expression  of  the  primary 
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electromotive  force  special  peculiarities.  For  instance,  that  the 
second  curve  of  hysteresis  has  a  special  check  ? 

Pbof.  Ryan  : — I  remember  last  summer  of  our  having  taken 
some  curves  and  drawn  them  out  on  cross-section  paper — that 
isj  the  various  orders  and  the  higher  orders— and  I  do  not  re- 
member any  peculiarities.  We  drew  then  out  as  sine  curves,  and 
when  we  added  them  up  we  got  the  real  curve  of  electro-motive 
force.  There  is  a  matter  that  I  should  like  to  speak  of,  and  that 
is  that  when  a  curve  of  electromotive  force  is  flat  at  the  top,  of 
coutse  the  magnetizing  current  curve  is  just  so  much  sharper. 
And  the  contrary,  I  suppose  would  also  be  true.  I  would  like 
also  to  say  a  word  for  tne  benefit  of  those  that  have  probably  not 
seen  Dr  oomner's  paper,  that  I  think  appeared  in  the  proceed- 
ings of  the  Royal  Society  about  two  years  ago.  A  method  is 
there  given  by  nim,  by  means  of  which — when  you  have  a  com- 
plicated case  of  the  primary  and  the  secondary,  or  merely  a 
primary,  or  rather,  a  wire  circuit  in  the  presence  of  a  magnetic 
circuit  alone,  but  which  wire  has  considerable  resistance,  and 
therefore  in  which  case  the  fall  of  potential  does  amount  to  con- 
siderable, the  problem  treated  analytically  being  a  very  diflScult 
one  —you  can  determine  what  would  happen  beforehand.  By 
the  method  that  is  there  presented  the  entire  matter  can 
be  worked  oiit  graphically  without  much  trouble.  I  can  give 
y  :u  an  idea  of  what  the  elemental  curves  look  like,  to  give  a  re- 
sulting curve  that  is  the  same  as  one  that  can  be  produced  by  one 
of  the  ordinary  alternators  used  in  this  countrv,  in  which  the 
drum  type  of  armature  is  used.  (Illustrating  fcy  a  drawing  on 
the  black-board).  When  you  plot  in  the  sine  curve  of  the  first 
order  it  is  always  steeper.  The  second  order  drops  out.  Then 
the  next  is  three,  something  like  that.  (Indicating).  The  fourth, 
of  course,  drops  out.  Then  we  have  five  alternations  running 
along,  two  and  a  half  on  this  side  and  two  and  a  half  on  the 
other.  (Indicating).  That  is  the  only  analysis  of  the  curve  that 
we  have  made. 

The  President  : — I  neticethatin  Mr.  Powell's  paper  he  speaks 
of  obtaining  the  mean  current  in  a  number  of  cases,  as  the  square 
root  of  the  mean  square  of  the  instantaneous  currents  throughout 
the  curve.  I  should  like  to  know  if  he  has  made  any  investiga- 
tion of  the  application  of  that  method  to  such  irregular  curves  as 
are  shown  here  in  a  number  of  cases,  where  the  curve  is  nothing 
like  a  sine  curve. 

Mr.  Powell  : — The  only  cases  in  which  we  use  the  square  of 
the  mean  square,  were  in  cases  of  the  secondary  electromotive 
force  and  secondary  current.  The  resistance  being  known,  the 
secondary  current  would  be  a  function  of  the  secondary  electro- 
motive force.  We  did  not  have  any  method  of  determining  the 
values  of  the  secondary  current  except  in  that  manner.  We 
measured  the  secondary  current  by  an  electro  dynamometer, 
and  assumed  that  that  was  the  mean  square,  as  this  curve4s  ver\| 
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nearly  the  sine  eurre  (indicating).  In  all  cases  in  the  primary 
circuit  we  determined  the  watt  cnrvcs,  as  shown  in  plate  7,  and 
then  found  the  mean  watt  ordinate. 

Pbof.  Ryan: — An  interesting  case  for  such  a  comparison 
would  have  been  Fig.  13,  but  I  am  sorry  to  report  that  we  did  not 
make  such  comparison  in  the  observation.  In  some  work  that 
we  did  last  summer  we  always  found  with  the  instruments,  that 
they  compared  within  one  or  two  per  cent,  with  the  squ  »re  root 
of  the  mean  square  determined  from  the  diagram. 

Adjourned. 
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Instrument  Co.,   606   High  St.,-^  ^  CP"*   7  \ 
Newark.  N.  J.  ^  P  ^^y     7.  ' 


1889 

SS9 


District  Engineer,  Edison  General  (  »    kt 
Electric   Co..  Edison  Building,  -  fr  t^®^" 
Broad  St.,  Box  3067,  New  York.  (  ^^  J*"* 


,  Box  3067 

General   Manager,     The   Electric  (  . 
(3ar  Co.  of  America,  4720  Green  -n  . - 
St.,  Germantown,  Pa.  ( 

Sup't  of  Wiring  Department,  Edi- 
son Electric  Illuminating  Co, 
432  Fifth  Ave.,  New  York. 


qa 


July 
Sept. 

Aug. 
Oct. 


I.  1887 
3.  1888 

12,  1887 

6,  1887 

6,  18S9 
I,  1889 

5.  1889 

7,  1889 


Technical  Adviser  to  the  Cowles  (  .     w «- 

Smelting  and  Aluminum  Co.,      i  »#  5ur    ' 

Lockport,  N.  Y.  (  ^  ^^^ 

(Vicg-President.)      Instructor    in  f 
Electrical  Engineering,  School  of  J  A   May  24,  1887 
Mines  Columbia  College,  and  54  ]  M  April   2,  1889 
W.  2 1st  Street,  New  York.  ( 


Digitized  by 


Google 


Name. 

Cross,  Prof.  Chas. 


CuTTRiss,  Chas. 


Daft,  Leo 
Danvers,  Alan 


Danvbrs,  Ernesto 
Da  VIES,  John  E 


Davis,  Charles  H. 


Dickenson,  Samuel  S. 
DiEHL,  Philip 
d'Infreville,  Georges 

DOIJER,  H. 

Dudley,  Charles  B. 

Duncan,  Dr.  Louib 
Dyer,  R.  N. 
Edison,  Thomas  A. 
Farnham,  Isaiah  H. 

Field,  C.  J. 

Field,  Stephen  D. 
Fitch,  D.  H. 
Fleming,  Wilfrid  H. 
Foster.  Horatio  A. 
Freeman,  Dr.  Frank  L. 


Address.  Date  of  Membership. 

Thayer  Professor  of  Physics,  and  f 

Director  of  the  Rogers  Labora- j  A  April  15,  1884 

torv,  Mass.   Institute  of  Tech- |  M  Oct.  21,  1884 

nofogy,  Boston,  Mass.  [ 

(Manager),  Electrician.  The  Com-  (  *    xj 

mercial  Cable  Co.,  i  Broad  St.,  •  '^f  w'' 

New  York.  (^^  ^*^- 

Electrician,  j  A  Dec. 

Plainfield,  N.  J.  "j  M  Jan. 
Managing  Director  and  Chief  Elec-  ( 

trician.     The    Anglo-Portugese  J  A   Nov. 

Telephone  Co.,  L't'd.    60  Tra-1  M  Sept. 

vessa  Santa  Justa,  Lisbon,  Port'l.  |^ 
Electrical    Engineer,    Casilla   74,  j  A  Jan. 

Rosario,  Argentine  Republic.       (  M  May 
Professor  of     Physics,    University  (at 

of  Wisconsin.    523  Carroll    St.  -  (>  ■iJ'^: 

Madison.  Wis  (  ^  ^*'^- 

Consulting    Electrical    Engineer,  jA   Mar.  18, 
120  Broadway,  New  York.  (  M  June  17 


Conn. 


I  M  Oct.     I 


Sup't,  Commercial  Cable  Co.,  Ha-  (  A   Mar.   6 

zel-Hill,  Guysborough  Co.,  N.S.  \  M  Oct 
Inventor.  Singer  Sewing  Machine  ^  A   April  15, 
" ^'  9. 

I 
6, 

7 
18, 


Co.,  Elizabeth,  N.  J.  |  M  Dec. 

Electrical  Engineer    and    Expert  j  A   Nov, 

no  Liberty  St.,  New  York.  "j  M  Dec. 
Care  of  J.  G.   F.    Rooker,  W.    I.  j  A  Jan. 

Vostringel.  Delft,  Holland.  (  M  Mar. 
Chemist    and    Scientific   Expert.  (  .   ^  .       _ 

Penn.  R.  R.  Co  ,  1219  Twelfth-^  ^  VJ^*    ,; 

Ave.,  Altoona.  Pa.  ]  M  Nov.  12 

( Vice-President).    Johns  Hopkins  j  A  July   12 

University,  Baltimore,  Md.  |  M  Sept.   6, 

Patent  Attorney.  j  A  July  12, 

40  Wall  St..  New  York.  \  M  Sept.   6, 


A   April  1 5 
M  Oct.  21 


^js, 


June    8 
July   12 


Electrician  and  Inventor,  j 

Orange,  N.  J.  ^ 
Electrician  for  the  N.  E.  Telephone 

&  Telegraph  Co..  50  Pearl  St 

Boston,  Mass. 
President   and   General    Manager  (  -    j  « 

Field  Engineering  Co.,  15  Cort--^  ^  J?""^®    ° 

landt  St.,  New  York.  (  ^  ^^^'    ' 

Electrician  and  Inventor,  j  A  April  15 

Stockbridge,  Mass.  {  M  Oct.  21 

President,  The  Fitch  Battery  and  j  A   Sept. 


Electric  Co. , 


M  Oct. 


Oneida,  N.-Y. 

Care  of   Howard    Fleming,    Park  j  A  Dec. 

Ave.,  Plainfield,  N.  J.  (  M  Jan. 

(Manager. )  Electrical  Engineer,  45  j  A  June 

E.  Twenty  second  St.,  New  York.  \  M  Sept. 

Attorney-at-Law,  Solicitor  of  Pat-  (  *  \MaM 

ents.    Electrical     Expert.   931     F  •?  -  -  5**/ 
St..  Washington,  D.  C. 


1887 
1887 

1884 
1885 

1887 
1889 

1888 
1888 

1890 
1890 

1890 
1890 
1889 
1889 
1888 
1889 
1884 
1884 
1887 
1887 
1890 
1890 

1889 
1889 

1887 
1887 

1887 
1887 

1884 

1884 

1887 
1887 

1887 
1887 

1884 
1884 
1889 
1889 

1887 
1888 

1887 
1887 

1889 
1889 


Digitized  by 


M  Sept, 

Google 


Name. 

Garratf,  Allan  V. 
Garver,  M.  M. 
Geyer,  Dr.  Wm.  E. 
Griscom,  Wm.  W. 


lo.  1888 

3.  18S9 

5.  1888 

M  Sept.    7,  1888 


Hall,  Clayton  C. 
Hamrlet,  James 

Hamilton,  Geo.  A. 

Hammer.  W.  J. 

Hancock,  Wm.  J. 

t 

Haskins,  Charles  H. 

Hayes,  Hammond  V. 

Haynes,  F.  T.  J. 

Hazard,  Col.  Rowland  R 
Hering,  Carl 


Addrett.  Date  of  Memberabip. 

Care  Kl/^ctric  Club,    17  East  a2d  j  A  April   2,  1889 
Street,  New  Vork  "j  M  May     7,  1889 

48  Walnut  St.,  i  A  July 

Newark.  N.  J.  j  M  Sept. 

{Manaj^fr\     Stevens  Institute  of  j  A  June 
Technolojfy,  Hoboken.  N.J.       /  " 

Haverford  College  P.  O.,  Mont- 
gomery Co.,  Pa  President,  The 
Electro  Dynamic  Co.,  224 Carter 
.St  ,  Philadelphia  and  Managing' 
Electrician  The  Electrical  Ac- 
cumulator Co.,  New  York. 

Civil  Engineer, 

810  Park  Ave.,  Baltimore,  Md. 


Manager  Time  Service,  W.  U.Tcl.  { 
Co..    IOC    Broadwav-    P.  O.  Box  ^  ^ 


A  June 
M   Mar. 


1388 
x8go 


A 


.\pril15,  1884 
Oct.  21.  1884 


Nov. 
Dec 


i 


A   April  15.  1884 
M  Oct.  21.  1884 


Co ,    195    Broadway,  P.  O.  Box 

3393.  New  York. 
Electrician.  Western  Electric  Co. 

22  Thames  cor.  Greenwich  St. 

New  York. 
Consulting  and  Supervising  Elec-  f 

trical     Engineer,    533    Temple  J  A   June 

Court,  N.  Y.,  and  23  Rowland  )  M  July   12 

St  ,  Newark,  N.  J.  [ 

Supt.    of     Telephones,    Dept.    of  (  * 
Public  Works,  Perth    "'-     -  '^ 

Australia. 
Electrician,  care  of  New  York  Club, 

Fifth  Ave    and  Thirty-fifth  St 

,New  York 


I,  1887 
6.  1887 


8, 


«/    .        )  A  Jan.      7, 
\\esternjj^-{^ar.i8. 


1S87 
1887 


1890 
1890 


lub.  ( 

s.,| 


A   April  15,  1884 
M  Oct,  21,  1884 


ElectriciaD.   American   Bell  Tele-U    Nov.  12,  1889 
phone  Co     lioston    Mass      127^  ^  ^^^   ,3    ^^ 

Piir/^Vioc«kf    Lambndge.  Mass.  (  ^^ 


Purchase  St 
Divisional     Telegraph    Engineer, 

Great  Western  Railway,  Taun 

ton.  Eng. 
.    N.  V.  District  Railway  Co., 

120  Broadway,  New  York. 
Consulting 


A 
M 

A 
M 


Dec. 
Jan. 


6,  1888 
3.  1887 


April  15,  1884 
Oct.   21,  1884 


3,  188S 
5,  1 888 


Hcrzog.  Dr.  F.  Benedict  {Manai^cr) 


HiGGiNS,  Edward  E. 

Houston,  Prof.  Edwin  J. 
Howell,  John  W. 
Howell,  Wilson  S. 

Hunter,  Rudolph  M. 

Hyde,  Jerome  W. 
Jackson,  Dugald  C. 


jnsiilting     Electrical    Engineer,  (  .     j 
3816  Spring  Garden  St  ,  Phila--^  V.  \^^^ 
delphia.  Pa  |  M  June 

lanai^er)     President  Herzog  Te- (  *     v*«„  «^    ,00^ 
leseme  Co  .  30  Broad  St.,   New  J  ^   May  24.  .887 

Electrical  Engineer,  Edison  Build-  (  *     »  o      oq 

ing.  Hroad  Street,  New  York.  P.  \^.  JjJJJf  ,°'  J^J^ 

O    :^ox  3067,  New  York  City.      \^^  ^^^^   "»  '^^7 

1521  Ml.  Vernon  St.,  j  A    April  15,  1884 

Philadelphia,  Pa.  \  M  Oct.  21,  1884 

Electrician,  Edison  Lamp  Co.,         jA   July   12,1887 

Harrison  N.  J.  |  M  June    5,  1888 

Electrical  Expert.  Central  Station,  |  »    q     *  00 

Edison  Elec.  Light  Syseni,  New-^  f:  ^P^'  J.    »»9 

Brunswick.  N.  f        ^  P  ^^^-  ^^'  ^^^O 

Mechanical  and  Elect'al  Engineer,  j  A   July  13,  1S86 

926  Walnut  St.,  Philadelphia,  Pa  (  M  May  17.  1887 


J  A  June 

\  M  Nov. 


8,  1887 
I,  1887 


Springfield,  Mass. 

District  Engineer,  Edison  General  (  *    w  _    _qq.. 

Electric  Co.,    Rialto  Building, -^^  ^^  ^,^^1     3»  J^!! 
Chicago.  111.  /  ^^  J""^    '7.  1890 

/Google 


Digitized  by* 


Name. 

Jackson,  Francis  E. 
Jannus,  Frankland 
Jenks.  W.  J. 

Johnson,  E.  IL 

Jones,  Francis  W. 

Knowles,  E.  R. 

Knudson,  a.  a. 
Lange,  Philip  A. 

Langtox,  John 
Lattig,  J.  W. 
Lawson,  a.  J. 
Leonard,  H.  Ward 

Leonard.  M.  B. 

LiEB,  John  \V  ,  Jr. 

LocKwooD,  Thomas  D. 

Lyne,  Lewis  K. 
Mailloux.  C.  O 
Marks,  William  Dennis, 
Marshall,  J.  T. 
Maynard,  Geo.  C. 
MiLLis,  John 

Mills,  Frank  P. 


Address. 
With  Edison  Lamp  Co  »  Harrison, 

N.J. 
Solicitor  of  Patents,  928-30  F.  St 

Washington.  DC. 
Technical     Department,     Edison, 

General   Electric  Co.,  44  Wall 

Street.  New  York. 
President,     Interior   Conduit  and 

Insulation   Co.,    16  Broad   St., 

New  York. 

Assistant  Gen'l-Manager  and  Elec- 
trician, Postal-Telegraph  Cable 
Co.,  5  Dey  St.,  New  York. 

Civil,  Electrical,  and  Mechanical 
Engieeer,  181  Broadway,  N.  Y. 
and  4'^ga  Waverly  Ave.,  Brook 
lyn,  N.  Y. 

Electrican,  39  Nassau  St.,  New 
York. 

Superintendent  of  Detail  Depart- 
ment, Westinghouse  Electric 
Co.,  Pittsburgh,  Pa. 

General  Manager,  Canadian  Edison 
M'fg  Co  ,  Sherbrooke,  P.  Q. 

Sup't   Telegraph,    Lehigh   Valley 

K.  K.,  South  Bethlehem,  Pa 

Electrical  Engineer  and  Contractor, 

Montreal,  P.  Q  ,  Box  10C9 

(Afanager).  General  Manager, 
Edison  General  Electric  Co  , 
P.  O.  Box  3067,  New  York. 

Electrical  Engineer,  and  Supt.  of 
Telegraph.  Chesapeake  &  Ohio 
R'y.  Co  ,  Richmond,  Va. 

Chief  Engineer,  Societ*^  Cienerale 
Italiana  di  Elettricita  (Sistema 
Edison).  V^ia  S  Radigonda 
N.  4,  Milan.  Italy. 

{Manaiier).  Electrical  Engineer, 
and  Advisory  Electrician.  P.  O., 
Drawer  2.  Boston,  Mass. 

Mechanical  and  F.lect'al  Engineer, 
307  Grove  St.,  Jersey  City,  N.J. 

Consulting  Electrical   Engineer, 

32  Liberty  St..  New  York. 
Ph.  B.,  C.   E.      Edison    Electric 

Light  Co  ,  Philadelphia,  Pa. 
Inspector  of  Lamp  Manufacture, 

Edison  LampCo.,Harrison,N.J. 
Electrical    Engineer,    1409    New 

York  Ave.,  Washington,  D.  C. 
Lieutenant  f»f  Engineers,    U.   S. 

Army,  P.O.    Drawer  432.    New 

Orleans.  La. 

Superintendent  Cleveland  Iron 
Mining  Co..  Ishpeming,  Mich. 


Date  of  Membenhip. 


A  Jan. 
M  June 
A   Nov.  12 
M  Mar.  18, 


I  A  June    8 
I  M  Nov.    I 

A   Feb.     7 
M  May     i 

A   April  15 
M  Oct.  21 


J  A  June  8 
j  M  July  12, 

jA  Dec.  6 
[  M   Jan.    3, 

A   Mar.    6, 
M  June    5 

3  A  Mar.  6 
(  M  June    5, 

i  A  June  8, 
\  M  July  12, 
(A  Mar.  18 
\  M  June  17 

J  A  July  I2j 
1  M  Sept.   6, 

j  A  Nov.  6, 
/  M  May     i 


A   Sept.    6, 
M  Nov.    I 


1  A    April  15 
i  M  Oct.  21 

(  A   Jan.     3 
{  M  June    5 


S  A  April 
\  M  Oct. 
i  A  Feb. 
\  M  May 
i  A  Oct. 
(  M  Nov. 
i  A  April 
\  M  Dec. 


A  July 
M  Mar. 

A  Jan. 
M  Mar. 


1888 
1890 
1889 
1890 

1887 
1887 

1888 
1888 

1884 
1884 


1887 
1887 

1887 
1888 

1888 
1888 

1888 
1888 

1887 
1887 
1890 
1890 

1887 
1887 

1886 
1888 


1887 
1887 

1884 
1884 

1888 
1888 

1884 
1884 
1888 
1888 
1889 
1889 
1884 
1888 

1884 
1885 

188; 
188; 


I 

Digitized  by  VjOOQIC 


Name. 
Nichols,  Edward  L. 


Paine,  Sidney  B. 

Parks,  C  Wellman 
Parshall,  H.  F. 
Patten,  F.  Jarvis. 

Pfannkuche,  Gustav 

PiCKERNELL,  F.  A. 

Pope,  Franklin  L. 
Porter,  J.  F. 


AddreM. 

( Vice-President),  Professor  of  \ 
Physics,  at  Cornell  University,  h 
Ithaca,  N.  Y.  \ 

Electrical  Constructor,  member  of  I 
firm  "Paine  &  Francis,"  38-^ 
Peari  St  ,  Boston,  Mass.  | 

Electrician,  1825  Fifth  Ave.. Troy, 
N.  Y 

Electrician.  7  N.  Cilvert  Street, 

Baltimore,  Md. 
Electrical  Engineer,  47  Barclay  St., 

Residence,  10  West  Thirtieth  St , 

New  York. 

En^neer  and  Inventor,  Cleve- 
land, O. 

Sup*t.  of  Equipment,  Amer.  Tel.  & 
Tel.  Co.,  18  Cortlandt  St.  N.  Y. 

{Past  President\  Consulting  Elec- 
trical Engineer  and  Expert, 
15  Wall  St..  N.  Y.  Residence, 
Elizabeth,  N.  J. 

403  N.  8th  Street.  St.  Louis,  Mo, 


Date  of  Membenhip. 


A  Oct.  4, 
M  Dec.    6 

A  June  8 
M  Nov.    I 

A  July  12 
M  May  i 
A  Sept.  7 
M  Mar.  18 

A  Sept.  6, 
M  Nov.    I 


Pratt,  J.  Howard,  Jr. 
Pratt,  Robert  J. 
Prescott,  Geo.  B..  Jr 


Professor  of   Physics,    Milwaukee 
Acad.,  Milwaukee,  Wis. 

Electrician.  Manager,  Electric 
M'fgCo..  Troy.  N.  Y. 

{Manager),  Electrical  Engineer, 
General  Agent,  Day's  Kerite 
Wire  and  Cables.  1 6  Dey  Street. 
New  York. 

Civil  and  Electrical  Engineer,  Mer- 
rimac  Consolidated  Mining  Co., 
Platoro,  Conejos  Co.,  Col. 

Electrical  Engineer,  7  Albert  Ter- 
race,  Hemberton  Road,  Stock- 
well,  London,  S.  W.  England. 
Reckenzaun,  Frederick,  Electrician,  Box  225,  West  Hob- 

oken,  N.  J. 

General  Superintendent  and  Con- 
sulting Electrician,  Thomson- 
Houston  Elec.  Co.,  Lynn,  Mass 

Electrician  and  Electrical  Engi- 
neer, 430  South  Broadway, 
Baltimore,  Md. 

Electrician  and  Sup't,  Swan  Lamp 
Co.,  Belden  St.,  Cleveland,  O. 

Electrical  Engineer,  with  Thom- 
son-Houston Electric  Co.,  Lynn. 
Mass. 
Salomons,  5i>  David  Lionel,  Bart.  M.  A.,  Engineer  and 
Barrister,  Broomhill.  Tunbridge 
Wells,  Kent  and  4g  Grosvenor 
St.,  London,  W.,  England. 

Electrician  of  Schlesinger,  Kimball 
&  Co  ,  Manufacturers  of  Electric 
Mining  Machineiy,  228  West 
i)road  St..  Columbus,  O. 


A   Feb. 
M  May 
A  Feb.     7, 
M  Mar.  18, 


A  April  1 5, 
M  Oct.  21 


A  Sept. 
M  Nov. 


Raymond,  Chas.  W. 


Reckenzaun,  Anthony 


Rice,  E.  Wilhur,  Jr. 


RiEs.  Elias  E. 


Robert.s,  E.  p. 


RoHRER,  Albert  L. 


A  June    5 

M  Sept.   7 

A  July  12 

\\  M  Sept.  6, 

A  July  12 
M  Nov.    I 


A  June    8, 
M  May  17 

A   Nov.    I 
M  Dec.    6, 

A   Mar.    6, 
M  June    5, 

A  Dec.    6, 
M  Jan.     3, 

A  July   12, 
M  Sept.   6, 


A  Jan. 
M  Feb. 

A   Nov. 
M  May 


BCHLESINGKR.   \Vm.   M. 


A  Feb.  7 
M  May  i 


A  Nov.  I 
M  Dec.  6, 


1887 
1887 

1887 
1887 

1887 
1888 

1888 
1890 

1887 
1888 

1888 
1888 
1890 
1890 

1884 
1884 

1887 
1887 

1888 
1888 
1887 
1887 

1887 
1887 


1887 
1887 

1887 
1887 

1888 
1888 

1887 
1888 

1887 
1887 

1885 
1885 

1887 
1888 


1888 
1888 


1887 
1887 


Digitized  by  VjOOQIC 


Name. 

Schulze-Berge,  Franz 
Shallenberger,  O.  B. 

Shepard,  Wm.  E. 

Slater,  Henry  B. 

Smith,  Herbert  G. 
Standford,  William 

Stebbins,  Theodore 

Stieringkr,  Luther 
Terry,  Charles  A. 
Thompson,  Edward  P. 

Thurnauer,  Ernst 

Trowbridge,  Prof.  W.  P. 
Turner,  William  S. 

Vail,  J.  H. 

Van  Depoele,  Charles  J. 

VAN3IZE,  William  B 

Waddell,  Montgomery 

Walker,  Sydney  F. 

Waldo,  Dr.  Leonard 

* 

Weaver,  W.  D. 

Weeks,  Edwin  R. 
Weston,  Edward 


Address. 


Edison  Laboratory,  Orange,  N.J. 

Electrician.  Westinghouse  Electric 
Co.,  Pittsburgh,  Pa. 

Electrician,  The  Cincinnati  In- 
clined Plane  Railway  Co., 
Cincinnati,',©. 

Electrical  Engineer  and  Electro 
Metallurgist,  1804  California 
Street,  Denver. 

General  Electrician, 

Quezaltenango,  Guatemala. 

Ass't  Sup't  Telegraphs,  Colonial 
Gov't,  Cape  Town,  Cape  of  Good 
Hope,  Africa. 

Electric  Railway  Inspector,  Thom- 
son-Houston Elec.  Co ,  620 
Atlantic  Ave.,  Boston,  Mass. 

Electrical  Expert,  44  Wall  St., 
Room  71,  New  York. 

Lawyer,  Westinghouse  Electric 
Co,  Pittsburgh,  Pa. 

Consulting  Electrician  and  Patent 
Attorney  in  Electrical  Cases,  5 
Beekman  St.,  New  York. 

Chief  Engineer,  Thomson- Houston 
International  Elec.  Co. ,  Michae- 
lisbrUcke,  i,  Hamburg,  Germany 

School  of  Mines,  Columbia  «Col- 
lege,  New  York. 

Electrical  Engineer,  Woodbridge 
&  Turner.  74  Cortlandt  St., 
New  York. 

Ass't  Engineer  in  Chief,  Edison 
General  Electric  Co.,  Edison 
Building,  P.  O.  Box  3067,  N.  Y. 

Electrician,  Electrical  Railway 
Department,  Thomson-Houston 
Electric  Co.,  Lynn,  Mass. 

Solicitor  of  Patents,  44  Broadway, 
New  York. 

Engineer,  18  Columbia  Heights, 
Brooklyn,  N   Y. 

Electrical  Engineer,  195  Severn 
Road.  Cardif!,{Rngland. 

Electrical  Engineer,  The  Alumi- 
num Brass  &  Bronze  Co. ,  Bridge- 
port, Conn. 

U.    S.    N.,  144  Henry  St. 

Brooklyn.  N.  Y. 

General  Manager,  Kansas  City 
Electric  Light  Co  ,  National 
Bank  of  Kansas  City  Building. 
Kansas  City,  Mo. 

\Pasi  President  and  Vice-PresU 
dent)  Electrician,  645  High 
St..  Newark,  N.  J. 


Date  of  Membership. 
A  Nov.  12,  1889 


M  Mar.  18, 
A  Sept.  7, 
M  Dec.    4, 

A  Feb.  7i 
M  Mar.  18 


A  April  15, 
M  Dec.    9. 

A  Mar.  6 
M  June    5, 

A  Oct.  4> 
M  Dec.    6, 

A  July  9, 
M  June  17, 

A  June  8 
M  Nov,  I 
A  April  5, 
M  May  17, 

A  April  15 
M  Dec.     3 

A  Oct.  14, 
M  Dec.    6 

A  April  15 
M  Oct.  21 

A  Dec.  7, 
M  Oct.     2, 

A  June  8 
M  Nov.    I 

A  June  5 
M  Sept.    7 

A  April  15, 
M  Oct.  21 
A  Feb.  7 
M  May  i 
A  June  2 
M  May  17 

A  June  5, 
M  Dec.    4 

j  A  May  17 
\  M  May  17 

J  A  Sept.   6, 
1  M  Nov. 


A  April  15; 
M  Oct.  21 


1890 
1888 
1888 

1890 
1890 

1884 
1884 

1888 
1888 

1887 
1887 

1889 
1890 

1887 
1887 
1887 
1887 

1884 
1889 

1887 
1887 

1884 
1884 

1886 
1888 

1887 
1887 

1888 
1888 

1884 
1884 
1888 
1888 

1885 
1887 

1888 
1888 

1887 
1887 

1887 
1887 


1884 
1884 
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Name. 

Wetzler,  Joseph 


Address. 


Wharton,  Chas.  J. 


{yice-Prfsid^ni.)  Editor  EUcirica/ {  A 
Engineer^  150  Broadway,  N.  Y.  j  M 

82  Bond  St.,  London  England.       j  ^ 

Whekler,  Schuyler  S.,  Sr.D.     (Vice-President).     President  f 
Crocker-Wheeler  Electric  Motor  | 
Co.,  430-432  West   Fourteenth  j  A 
St  ,  Electrical  Expert,  Board  of  |  M 
Electrical  Control,   1266  Broad    I 
way,  New  York.  [ 

Edison (jeneral  Electric  Co., Edison  j  A 
Building,  Box  3067.  N.  Y.  City.    {  M 
Electrician.   293   Lenox  (6)   Ave.,  j  A 
New  York.  \  M 

Designer    r>i      Steam     Electrical  j  A 
Plants.  Wilton,  Conn.  {  M 

Electrical  Engineer.  Woodbridge  (  . 
&  Turner.  74  Corllandt  St.,-  », 
New  York,  ( 

Zetsche,  Dr.  Carl  Eduari\  Telegraph  Engineer,  Carlstras.se  j  A 

8,  II  Dresden,  N    Saxony.  *  \  M 

Members.  -         -         151. 


Date  of  Electioo^ 

April  15,  1884 
Dec.  9,  1884 
Jan.  3,  J  888 
May    I,  1888 


Wilkes,  Gilbert 


Wilson,  Fremont 
* 

Winchester,  A.  E. 
Woodbridge,  J.  L. 


June    2,  1885 
Sept.    I,  1885 


Jan.  7,  1890 
Mar.  18,  i8go 

Mar.  6,  1888 

June  5,  1888 

June  8,  1887 

Nov.  I,  1887 

June  8,  1887 

Nov.  I,  1887 

Nov.  I,  1887 

Jan.  3.  i883 


Name. 
Abern.sthy,  J.  P. 

Abbott,  Arthur  V. 


Anderson.  Alexander 

Andrews,  Wm.  S. 

Atwood,  Georoe  F. 

Backstrom,  Chas.  A. 

Baii  lard,  E.  V. 
Barton.  Enos  M. 

Barrett,  John  A. 

Bates,  D.  H. 

Bauer,  A.  IL 

Bauer,  \V.  F. 


ASSOCL^TE  MEMBF.RS. 
Address. 
Supe  intendent  of  Telegraph,  53  City 
Hall.  Cleveland,  O. 

Mechanical  Fngincer, 

Uni'ed  Eleciric  Traction  Co., 

Closter,  N.  J. 

Superintendent  and  .Manager  of  the 
Thomson- 1 iousLon  Electric  Co., 
Norfolk.  Va 

Supt  Construction  Dept  ,  Edison 
Cicne'al  Elertric  Co., Edison  Build- 
ing, T'ox  3067.  .\ew  York. 

Edison  Laboratory . 

Orange, 

N  J. 

Manufatiuier  of  Electric  Incandes- 
cent Lamps.  154  &  156  West 
Twenty-sevenih  St.     New  York. 

124  West  Sixty-first  St ,  New  York. 

President  Western  Electric  Co.,  227 
South  Clinton  .St.,  Chicago,  111. 

Electrician,  189  Montague  St  , 
Brooklyn.  N.  Y. 

Vice-President  and  Gcn'l  Manager, 
The  Electrical  Accumulator  Co., 
44  Broadway,  New  York. 

Electrical  Engineer,  Pullman  Palace 
Car  Co.,  Pullman  Building,  Chic- 
ago, 111.  Room  307. 
Constructionist,  The  Electrical  Accum- 
ulator Co.,  62  Steuben  St.,  East 
Orange,  N.  J. 


Date  of  Election. 
July      7,  1884 

Oct.   21,  i8go 

Sept.    6.  1887 

Mar.     5,  1889 

Sept.  16,  1890 

Nov.   13,  1888 
Dec.    3,  1889 

July    12,  1887 

June     8,  1887 

April  15,  1884 

Feb.      7,  1890 

April  15,  1890 
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Name. 

Bayles,  Robert  N. 

Beattie.  John,  Jr. 

Belding,  Warren  S. 

Benbow,  William  C. 
Bennett,  J.  C. 
Berhooi.tz,  Herman 

Berliner,  Emile 

BiNNEY,  Harold 

Black,  Chas.  N. 

Blake,  Henry  W. 

Bliss,  Donald  M. 

Blood.  W.  Henry,  Jr. 

Booart,  a.  Livingston 

Bogue,  Charles  J. 
Bottomley,  Harry 

Boynton,  Edward  C. 

Brackett,  Prof.  Cyrus  F, 
Braddell,  Alfred  E. 

Bradley,  Fred.  W. 
Brady,  Paul  T. 

Briner,  C.  J. 
Brophy,  William 


Brown,  Alex.  S. 
Brown,  Alfred  S. 


Address.  Date  of  Election . 

Electrician,  The  **C&C"  Electric 

Motor  Co.,    404   Greenwich  St., 

New  York.  Oct.      i,  1889 

Manager  and   Superintendent,    The 

Beattie  Battery,  Zinc  and  Electric 

Co.,  Fall  River,  Mass  Sept.    6,  1887 

Electiiciiin  and  Sup't.     The  Belding 
Motor  and  Mfg.  Co..  6423  Stewart 

Boulevard.  EngJewood,  111  April  15,  1890 

Thomson  Houston  Electric  Co.,  620 

Athintic  Ave.,  Boston,  Mass.  Dec.     3.  1889 

Electrician,  United  Edison  Mfg.  Co. 

44  Broad  St.,  New  York.  Mar.    18,  1890 

Oeneral   Manager,   The   Wightman 

Elec   Mfg.  Co  ,  4  Commonwealth 

Bldg.,  Scramon.  Pa.  April    2,  1889 

Invcnior,  Columbia  Road,  between 

Fourteenth    and    Fifteenth    Sts., 

Washington,  I)   C.  April  15,  1884 

Assistant   in  the  Practice  of  Patent 

Law,  with  Ciilbert   M.    Plympton, 

245  Broadway,  New  York  City.  Sept.  16,  1890 

Student.  Princeton  Electrical  School, 

I'rinceton    N.J.  Feb.      7,1890 

Agent.  Sprague  Electric  Railway  & 

.MotorCo.,  i6BroadSt..NewYork.    Nov.  13,  1888 
Electrician     The    Canada    Electric 

Co  ,  Amherst.  N   S.  Feb.     7,  1890 

N.  W     r.  H    E.  Co  ,  Pray  Building 

Minneapolis  Minn.  April    2,  1889 

Electrical    and     Patent    Expert,    22 

Union  Square.  New  York,  July    10,  1888 

165  West  Eighteenih  St.,  New  York,     Dec.     3.  1889 
Electrical  Engineer, 

Hex  3100,  Denver,  Col.  April     2.  1889 

Care  of    Klektron   M'fg  Co.,  79-81 

Washington  St  .  Brooklyn,  N.  Y.      Aug.     6,  1889 
Princeton,  N.  J.  April  15,  1889 

Electrical  Inspecto-,  Underwriters' 
Association.  Middle  Dep't,  308 
Walnut  St  .  Philadelphia.  Pa.  Sept.  16,  1890. 

27  Front  St.,  Schenectady,  New  York.     May  20,  1890 

Superintendent.  Central  N.  Y.  Tele- 
phone &  Telegraph  Co.,  Coopers- 
town,  N.  Y.  July    12,  1887 

Vice-President  Central  Electric  Con- 
struction Co  .  515  Walnut  St.,  St. 
Louis.  Mo.  April     2,  1889 

Chief  Inspector,  Electric  Mutual 
Insurance  Co.,  85  Water  St., 
Boston.  Residence,  51  Salem  St., 
Worcester,  Mass.  Mar.     5,  1889 

Electrical  Engineer,  Elizabeth,  N,  J.    Jan.     7,  1890 

Electrical  Engineer,  Western  Union 
Telegraph  Co  ,  195  Broadway, 
New  York  City.  Mar.  18,  1890 
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Name. 
Brown,  Charles  A. 

Browning,  Howard  L. 

Buckingham,  Chas.  L. 

BuLKLEY,  J.  Norman 


Address.  Date  of  Eleciioo. 

Manager  Western  Electric  Co.,  227 

South  Clinton  St.,  Chicago,  111.         July    12,  1887 
Promoter  and  Contractor,   41   Dey 

St.,  New  York.  Dec.     6.  1887 

Patent    Attorney,    Western    Union 

Telegraph  Co.,      195    Broadway, 

P.  O   Box  3393,  New  York. 
Superintendent, 


April  15.  1884 
Oct.     21,  1890 


S.  Aluminium  Metal  Co., 

Boonlon,  N.  J 
BuNCE,  Theodore  D.,  Jr.   Battery  Expert, 

The  Julien  Electric  Traction  Co., 

239  East  27th  St.,  New  York  City.      May  20,  1890 


Burns,  Elmer  Z. 
Buys,  Bert. 
Cahoon,  Jas.  B. 

Carty,  J  J. 

Case,  Willard  E. 
Chamberlain,  F.  H. 

Cheney,  Frederick  A. 


Consulting  Electrical  Engineer,  Room 

55,  4th  Floor.  120  Broadway,  N.  Y.     Feb.     7,  1890 
Electrician,   Rutherford  B.  S.  &  C. 

Elec.  Co..  Rutherford.  N.  J.  Feb.     7,  1890 

Electrical  Engineer. 

Thomson-Houston    Electric  Co., 

257  Washington  St.,  Lynn,  Mass.     June  17,  1890 
Electrician,  Metropolitan  Telephone 
and  Telegraph  Co.,      18  Cortlandt 
St. ,  New  York.  April  15,  1890 

6  Fort  St.,  Auburn,  N.  Y.  Feb.     7,  1888 

Electrician.       Metropolitan   R.    R. 

Co.,  241 1  P  St.,  N.  W.  Washing- 
ton, D.  C. 
Sec'y.  Treas'r  and  General  Manager, 

The    Elmira    Illuminating    Co., 

Elmira,  N.  Y. 


June  17,  1890 
I,  1889 


Oct. 


Chermont,  Antonio  Leite, Manager    Telephone  Co.   of  Para, 

Para,  U.  S.  of  Brazil,  Care  Herbst 


Mar.    18.  1890 


Child,  Frank  W. 

Childs,  W.  H. 
Chinnock,  C.  E. 

Chubbuck,  H.  Eugene 

Churchill,  Arthur. 
Cleveland,  Wm.  B. 
Cobb,  John  S. 
Coffin,  C  has.  A. 

Colgate,  Geo.  L 
Colley,  Benjamin  W. 


Bros,  Box  1377,  New  York. 

Contractor  and  Builder  of  Electric 
Railways,  115  Broadway,  New 
York. 

Bookkeeper  for  The  Estey  Organ 
Co.,  Brattleboro,  Vt. 

Edison  General  Electric  Co.,  Edison 
Building,  P.  O.  Box  3067,  New 
York. 

Electrician  and  Manager,  Champion 
City  Electric  Light  Co.,  Spring- 
field. O. 

Electrical  Expert,  Frazar  &  Co., 
Yokohama,  Japan. 

Electrical  Engineer,  309  Perry-Payne 
Building:.  Cleveland,  O. 

Electrician.  Care  of  Bergmann  &  Co. 
Ave.  B.  and  17th  St.,  New  York.     June    17,  1890 

Vice-President  and  Treasurer,  Thom- 
son-Houston Electric  Co.,  620  At- 
lantic Ave  ,  Boston,  Mass.  Dec.     6,  1887 

Electrical  Engineer,  Bedford  Electric 

Co. ,  Bedford  City,  Va.  June    17,1890 

First  Ass't.  Superintendent,  The 
Ccmmercial  Cable  Co ,  Hazel 
Hill,  N.  S.  Oct.     21.  i8go 


July  10,  1888 
Sept.    6,  1887 

April  15,  1884 

Dec.  4,  1888 
April  15,  1890 
April  15,  1884 
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Namn. 

Collins,  W.  Forman 

CoMPTON,  Alfred  G. 

Cornell  Chas  L. 
Crane,  W  F.  D. 

Crosby,  Oscar  T. 
CuNTz,  Johannes  H. 

Curtis,  Chas.  G. 
CuRTiss,  George  F. 

CUSHMAN,  IIOLBROOK 

Cutter,  George 
Dana,  R.  K. 
Danforth,  a.  H. 

DaNIELL,  b  RANCIS  G. 

Davenport,  George  W. 

Davidson,  Edw.  C. 
Davis,  Chas.  M. 
Davis,  Delamore  L. 
Davis,  Joseph  P. 


Address.  Date  of  Election. 

Western  Manager,  TAf  Electrical 
Engineer^  225  Dearborn  St., 
Chicago.  111.  Dec.     6,  1887 

Professor  of  Physics,  College  of  the 
City  of  New  York,  17  Lexington 
Ave.,  New  York.  Nov.     i.  1887 

Electrical  Engineer,  Western  En- 
gineering Co.,  Hamiton,  O.  Feb.      7,  1890 

Electrician  and  Mechanical  Engineer, 
The  Electric  Car  Co.  of  America, 
308  S.  loth  Street,  Philadelphia, 
Pa.  Feb.    7,  1888 

Electrical  Engineer,  Edison  General 

Electric  Co.,  New  Orleans,  La.        Mar.    18,  1890 

Assistant  to  Pies't  Henry  Morton, 
Stevens  Institute  of  Technology, 
137  Hudson  St ,  Hoboken,  N.  J.       Mar.     5,  1889 

114  East  Thirtieth  St.,  New  York.        April  15,  1884 

Electrician,  Thomson- Houston  Elec- 
tric Co.,  Lynn,  Mass.  April    2,  1889 

Electrical  Engineer,  337  West  Twen- 
ty-second St.,  New  York.  June     5,  1888 

Dealer  in  Electrical  Supplies, 

192  Fifth  Avenue,  Chicago,  Ills.    June   17,  1890 

Agent  Washburn   and  Moen  M'f'g 

Co.,  16  Clifif  St.,  New  York.  April  15,  1884 

Great  Falls,  Montana.  July    12,  1887 

Care  of  Minneapolis  Street^Railway 
Co.,  Minneapolis,  Minn.  Nov.    12,  1889 

General  Manager,  Thomson-Hous- 
ton International  Electric  Co.,  620 
Atlantic  Ave.,  Boston,  Mass. 

Patent   Lawyer,    Room   179,  Times 

Bldg.,  New  York. 
Superintendent,  Light,iHeat  &  Power 

Co.,  Pueblo,  Col. 


Superintendent,  Salem  Electric  Light 


June  4,  1889 
Feb.  7,  1890 
July  12,  1887 
April    2,  1889 


Power  Co.,  Salem,  O. 
Consulting  Engineer,  Care  of  Phoenix 
Construction  Co.,  115  W.  38th  St.. 
New  York  City.  April  15,  1884 

Ass*t  Electrician,   Postal  Telegraph 

Cable  Co.,  5  Dey  St.,  New  York.      April    6,  1886 
Delanv,  Patrick  Bernard,  (Manager),     Inventor, 

South  Orange,  N.  J.     April  15,  1884 
Professor  of  Experimental  Mechanics, 
Stevens  Institute  of  Technology, 
Hoboken,  N.  J..  July    12,  i8«7 

Attomey-at-Law,  15  Wall  St.,  N.  Y.     April  15,  1884 
Electrician,     Intercolonial     Railway, 

Moncton,  N.  B.  Jan.     7,  1890 

Thomson-Houston      Electric      Co., 

Swampscott,  Mass.  Aug.     6,  1889 

Electrician,  132  Jackson  Ave.,  Jersey 
City,  N.  J.  Feb.      5»  1889 


Davis,  Minor  M. 


Denton,  James  E. 

Dickerson,  E.  N. 
Dion,  Alfred  A. 

DoANE,  S.  Everett 

DoBBiE,  Robert  S. 
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Name.  Add'ess.  Date  of  Election 

DoREMi'S,  Chari.ks  a.     M.  D.  Fh.  D.     Chemist  and  Physicist, 

hellevue  Hospital  Medical  College, 
Collej^e  of  the  City  of  New  York 
and  American  Veterinary  College, 
92  Lexington  Ave  ,  New  York.  July      7,  18 84 

Dl'NDERDale,  CleavelandF.  Agent  Westinghouse  Electric  Co., 

146  Adams  St.,  Chicago.  111.  June    17,  1S90 

Vice  Pres't  of  Bell  Telephone  Co.  of 

Mo.,  322  Pine  St.,  St.  Louis,  Mo.     April  15,  18S4 
Electrician,  Thomson- Houston  Elec 

trie  Co  ,  Lynn,  Mass.  June    17,  1890 

Electrical  Workshop  Sup't.  W.  C.  & 
S.  \Y  Telephone  Co.,  88  Colston 
St.,  Bristol,  Eng.  Jan.      7,  1890 

Under-graduate  in  Electrical  En- 
gineering. Princeton  University, 
Princeton,  N.  J.  Mar.   18,  iSgo 

Publisher  and  Printer,  36  Cortlandt 

St.,  New  York.  April  15,  1884 

Electrical    Engfineer,    18    Columbia 

Heights,  Brooklyn,  N.  Y.  Jan.      7,  1S90 

President  and  Electrician,  Eastern 
Electric  Cable  Co.,  61  Hampshire 
St.,  Boston,  Mass.  April  15,  1890 

Assistant  Electrician, 

U.  S.  Electric  Light  Co., 

Newark,  N.  J.     Oct.    21,  1890 
Chemist  and  Assayer,  Virginia  City, 

Nev.  Sept.    6,  1887 

Electrician,  Croton  Magnetic  Iron 
Mines.  45  East  Twenty-second 
Street,  New  York  Nov.   12,  1889 

Electrical  Engineer,  Thomson-Hous- 
ton Electric  Co.,  Lynn,  Mass.  June   17,  1890 
First  Lieut. 

Corps  of  Engineers,  U.  S  A. 

Duluth,  Minn.     Oct.  21,    1890 
Ass't  Electrician  in  charge  of  Tests, 

Edison  Lamp  Co.,  Harrison,  N.  J.     Dec.     6,  1887 
Fleming,  Walter    M.  A1.  D.     Vice-President  of  the  Avcrell  In- 
sulating Conduit  Co.,   45  Broad- 
*  way,  Room  i,  New  York.  Jan.      3,  1888 

Electrician,   Electric  Light  &  Power 

Co  ,  Steubenville,  O.  Mar.  18,  1890 

Law>'er, 

137  Broadway. 

New  York  City.     Sept.  16,  1890 
Superintendent  Edison  Electric  Light 

Co.,  Ottumwa,  la  July    12,  1887 

Electrician,  Edison  General  Electric 

Co.,  133  West  34th  Street,  N.  Y.       Mar.  18,  1890 
President  and  General  Manager,  Rut- 
land Electric  Light  Co.,  Rutland, 
Vt.  June   17,  1890 

Freedman,  William  Jh.  Honorary  Fellow  in  Electrical  En- 
gineering, Columbia  College.  lao 
West  125th  Street,  New  York.  2^.  18,  iBoo 


DuRANT,  Geo.  F. 
Ekstrom,  Axel 
Eley,  Harris  H. 

Elmer,  William,  Jr. 

Emmet,  Herman  L.  R. 
Entz,  Justus  B. 
EusTis,  Herbert  H. 

Fessenden,  Reginald  A. 

Fielding,  Frank  E. 
Fjske,  Henry  G. 

Fiske,  J.  P.  B. 
Fitch,  Graham  D. 

Flack,  J.  Day 


Flood,  J.  F. 
Forbes,  Francis 

Ford,  Ellsworth 
Fox,  John  M. 
Francisco,  M.  J. 
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Name 

P'ULLER,  Levi  K. 
Gaines,  J.  D. 


Giles,  Walter  A 
GiLLILAND,  E.  T. 
GOLDMARK,  ChAS.  J. 

Gorton,  Charles 
Gray,  W.  N. 

Grow  ER,  George  G, 
Griffin,  Capt.  Eugene 

GUTMANN,  LUDWIG 

Hall,  Edwin  H. 

Hall,  William  P. 
Harding,  H.  McL. 

Harvey,  Wirt  B. 
* 

Haskins,  Caryl  D. 
Hasson,  W.  F.  C. 

Hatzel,  J.  C. 

Halsey,  William  B. 
Hebard,  George  W. 
Henderson,  Albert  H. 

Heilman,  Donald  B. 
Heinrich,  Richard  O. 

Henshaw,  Frederick  V. 
Hewitt,  Charles 


Address. 
Vice-President,    Estey   Orgfan    Co., 

Brattleboro,  Vt. 
Second    Ass't.  Superintendent,    The 

Commercial     Cable     Co.,     Hazel 

Hill.  N.  S. 
Electrical   Engineer,   Mill  and  Mine 

Elec.    Equipment    Co.,    95    Fifth 

Ave..  Pittsburgh,  Pa. 
Vice-Pres't  Empire  City  Elec.  Co., 

15  Dey  St.     Residence,  179  West 

End  Ave.,  New  York. 

473  Park  Ave.,  New  York. 

Lock  Box  35.  Greencastle,  Pa. 

Manager,  Branch  Office,  Mather 
Electric  Co. .  Cincinnati,  O. 

Electrician    and    Chemist,    Ansonia 

Brass  and  Copper  Co.,  Ansonia, 

Conn. 
Thomson- Houston    Elec.    Co.,   620 

Atlantic  Ave..  Boston,  Mass. 
Electrical  Engineer.  P.  O.  Box  560, 

Pittsburgh,  Pa., 

Assistant  Professor  of  Physics,  Har- 
vard College,  5  Avon  St.,  Cam- 
bridge, Mass. 

President,  The  Hall  Signal  Co., 
50  Broadway,  New  York  City. 

Railway  Dep't,  Westinghouse  Elec- 
tric Co  ,  Pittsburgh,  Pa. 

43^  Madison  St.,  Memphis,  Tenn. 

Electrician,  Thomson->iouston  Elec- 
tric Co.,  Lynn,  Mass. 

Assistant  Engineer,  U.  S.  N.  In- 
structor Johns  Hopkins  Univers- 
ity.    Baltimore,  Md. 

Electrical  Engineer  and  Contractor, 
29  West  Twenty-sixth  St.,  New 
York. 

Inspector.  Postal  Telegraph -Cable 
Co.,  94  Leonard  St.,  New  York 

Pres't,  United  States  Electric  Light 
Co.,  120  Broadway,  New  York. 

Ries  and  Henderson,  45  Chamber  of 
CoTimerce,  Baltimore,  Md. 

Jonestown,  Pa. 

Demonstrator  in  Electrical  Engineer- 
ing and  Physics,  Lehigh  University, 
South  Bethlehem,  Pa. 

Assistant  Electrician,  The  "C.  &  C." 
Electric  Motor  Co. ,  402  Greenwich 
St. ,  New  York. 

Engineering  Dcp't,  Edison  General 
Electric  Co.,  273  Hicks  St.,  Brook- 
lyn, N.  Y. 
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Name. 
HOCHHAUSEN,  WiLUAM 


Address.  Date  of  Elec.ioo. 

Electrician,  The  Excelsior  Electric 
Co.,  196  VVilloughby  St.,  Brook- 
lyn, N.  Y.  April  15,  1884 

Electrician,  Agency  Thomson- Houston 
Electric  Co.,  234  Montgomery  St., 
San  Francisco.. Cal.  June    17,1890 

Holt,  Marmaduke  Burrell,   Aspen  Mining  and  Smelting  Co., 

Aspen,  Col.  April  15,  1890 

403  North  8th  St  ,  St.  Louis,  Mo.         April    2,  1889 

Patent  Lawyer,  38  Park  Row,  New 
York.  June     8.  1887 

Director,"  Nederlandsche  Bell  Tele- 
phone Co.,  Amsterdam,  Holland.     Oct.      4,  1887 

Manager,  Lawrence  Gas  Co.,   Law- 
rence, Mass.  Sept.    6,  1887 
Hutchinson,  Dr.  Cary  T.  Electrical   Engineer,  56  West  25th 

St.,  New  York  City.  Feb.     7,  1890 

Mechanical  Engineer,  41  Dey  St., 
New  York.  July    12,  1887 

Electrical  Engineer,  with  Osterheld 
&  Eickemeyer,  Manuf'rs  of  Dyna« 
mos  and  Motors,  Yonkers,  N.  Y. 


HoLcoMB,  Eugene  R. 


Hopkins,  J.  Herbert 
HowsoN,  Hubert 

Hubrecht,  Dr.  H.  F.  R 

Humphreys,  C.  J.  R. 


I  dell,  Frank  E. 
IHLDER,  John  D, 


Insull.  Samuel 
Iselin,  Henry  S. 
Ives,  Edward  B. 

Izard,  E.  M. 
Jackson,  C.  H. 

Jaeger,  H.  J. 

«« 

Johnston,  W.  J. 

Jones,  F.  R. 

Jones,  Sebastian  C. 
** 

JUDSON,  Wm.  PiERSON, 

Keen,  William  M.  B. 

Kennelly,  a.  E. 
Kerr,  Thomas  B. 
Kimball,  A.  S. 


Electrical  Manufacturer,  44  Wall  St., 
New  York. 


Oct.  2,  1888 
Dec.  7.  1886 
June     2,  1885 


President,  Gibson  Electric  Co.,  74 
Cortlandt  St.,  New  York. 

Lieutenant  U.  S.  A.,  Electrical  En- 
gineer, 47  Barclay  St.,  Residence, 
One  hundred  and  thirty-ninth  St. 
and  Grand  Boulevard,  New  York.      April    2,  1889 

Electrical  Engineer,  General  Man- 
ager, Inter-State  Cooling  Co  ,  167 
Dearborn  St.,  Chicago,  111. 

President,  United  Electric  Light  and 
Power  Co.,  59  Liberty  St.,  New 
York. 


Chemical,    Physical    and  T  Electrical 

Glass    Blowing,    173    Pearl    St., 

Brooklyn,  N.  Y. 
President,  The  W.  J.  Johnston  Co., 

Ltd.,   Times  Building,  P.  O.  Box 

3332,  N.  Y. 

University  of  Tennessee, 

Knoxville,  Tenn. 
Electrical  Engineer,  Aurora,  N.  Y. 


Mar.  5,  1889 
May  24,  1887 
July    12,  1887 


April  15,  1884 

May  20,  1890 
Sept.    6,  1887 


U.  S.  Civil  Engineer,  Oswego,  N.  Y.     June     8,  1887 
Electrician,  The  Clark  Electric  Co., 

Co.,  478  Peari  St.,  and  410  East 

26th  Street  New  York  City.  Sept.  16,  1890 

Electrician,  Edison  Laboratory, 
Orange,  N.  J.  May      i,  1888 

Attomey-at-Law,  120  Broadway  New 
York.  Not.     r,  1887 

Professor  of  Physics, Worcester.  Poly- 
technic Institute,  Worcester,  Mass.     Sept.    3,1889 
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NaiiM. 

Kinney,  II.  A. 


Knapp,  Allan  C. 
Knight,  VVm.  B. 


Kreidler,  W.  a. 

Lain,  David  E.,  B.  S, 
Law,  M.  D. 

Ledoux,  a.  R. 

Lee,  Huntington 
Lee,  John  C. 

l eland,  h.  w. 
Lemp,  Hermann,  Jr. 
Lewis,  Henry  Frederick 

LiEBiG,  GusTAV  A.,  Jr. 
Lloyd,  Robert  McA. 

LooMis,  Osborn  p. 

LOWREY,  GROSVENOR  P. 

Lozier,  Robert  T.  E. 

Lufkin,  Harvey  L. 

LuNDELL,  Robert 

Maclilie,  C.  H. 
Mac  Questen,  W.  D. 
Madden,  O.  E. 
Magee,  Louis  J. 


Address. 

Representative  Brush  Electric  Co., 
N.  Y.  Life  Ins.  Building.  Omaha, 
Neb. 

Electrician,  225  Dearborn  St.,  Chi- 
cago, 111. 

Civil  Engineer  CSpecialty,  Cable 
and  Electric  Railways),  200  West 
6th  St,  Kansas  City,  Mo. 

Editor  and  Publisher,  WesUm  Elec- 
trician, 6  Lakeside  Building,  Chi- 
cago, 111. 

Electrical  Engineer,  Yonkers,  N.  Y. 

Sup't  and  Electrician, 
Denver  Consolidated  Electric  Co., 
1534  Lawrence  St.,  Denver,  Col, 

Chemical  Expert,  10  Cedar  St.,  New 
York. 

Pittsfield,  Mass. 

Chemist  and  Electrician,  American 
Bell  Telephone  Co.,  Brookline, 
Mass. 

Manager,  Telephone  Exchange,  259 
Washington  St.,  Jersey  City,  N.J. 

Electrician,  Thomson  Electric  Weld- 
ing Co.,  Lynn,  Mass. 
William,  General  Manager  and  Se- 
cretary of  the  Western  Counties 
South  Wales  Telephone  Co.,  Eng- 
land, 16  High  St,  Bristol,  Eng. 

Elec'l  Testing  Bureau,  Johns  Hop- 
kins University,  Baltimore,  Md. 

Electrician  of  the  Marion,  N.  J. 
Factory,  United  Electric  Traction 
Traction  Co.,  2  W.  36th  St, 
New  York  City. 

Electrician,  Eureka  Electric  Co., 
53oNostrand  Ave.,  Brooklyn,  N.Y. 

Lawyer,  15  Broad  St.,  Residence  121 
Madison  Ave. ,  New  York. 

Electrical  Expert, 

The  Edison  United  Mfg.  Co., 

65  Fifth  Ave.,  New  York. 

General  Agent,  **C  &  C"  Electric 
Motor  Co..  404  Greenwich  St., 
New  York. 
Designing  Draftsman,  Sprague  EJec. 
Ry.  Co.,  141  East  49th  St,  New 
York. 

Broker  in  Electrical  Securities, 

II  Wall  St,  New  York. 

Electrica^Engineer  and  Contractor, 
15  Cortlandt  St.,  New  York. 

President,  Empire  City  Electric  Co., 
15  Dey  St.,  New  York. 

Electrical  Engineer,  in  charge  of  Eu- 
ropean Office  of  Thomson-Hous- 
ton International  Electric  Co., 
MichaelisbrQcke  i,  Hamburg,  «Gy. 

Digiti 


Date  of  Election. 

Mar.  18,  1890 
Sept.  6,  1887 

Sept.  16,  1890 

Oct.  4,  1887 
Nov.  13,  1888 

Feb.  7.  1888 

Dec.  7.  1886 
Dec,  3,  1889 

Mar.  18,  1890 
April  15,  1884 
April  ■  2,  1889 

Mar.  5,  1889 
Mar.  6,  1888 

Oct  21,  1890 
Sept.  16,  1890 
Nov.     I,  1887 

May   20,  1890 

Jime  17,  1890 

Feb.  7,  1890 
July  12,  1887 
April  15,  1890 
April  15,  1884 


April    2,  1880 
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Name. 
Malcolm,  Philip  S. 

Mansfield,  Geo.  W. 


Marks,  Louis  B. 
Martin,  F. 

Martin,  J. 

Martin,  T.  Commerford 

Mason,  August^  F. 

Maver,  William,  Jr. 
McCay.  H.  K. 
McKiBBiN,  George  N. 

McKlNSTRY,  J.  P. 

McMahan,  John  M. 

t 

Mercer,  Andrew  G. 

Merritt,  Ernesi' 

Miller,  Joseph  A. 

Miller,  Wm.  C. 

Miner,  W.  M. 
Mitchell,  John  Murray 
Mitchell,  Sidney  Z. 

Mix,  Edgar  W. 

Moore.  John  J. 
Morrison,  J.  Frank 
Morton,  Henry,  Ph.  D 

Moses,  Dr.  Otto  A. 

Moss,  Geo.  W. 

MosscROP,  Wm.  A. 


Address.  Date  of  Electioa. 

Western  Agent,  Gibson  Electric  Co., 

Portland.  Oregon.  Mar.    i8,  1890 

Electrical  Fngineer,  with  Thomson- 
Houston  Electric  Co.,  620  Atlantic 
Ave.,  Boston,  Mass.  June    2.  1885 

Graduate  Student, 

51  East  67th  St.,  N.  Y.  May  20,    1890 

Inspector  of  Isolated  Plants,  Edison 

Electric  Illuminating  Co.,  of  N. 

v..  16  Oak  St.,  Newark,  N.  J.         Oct.  21,    1890 
Electrician,    Hanson,    Van    Winkle 

&  Co.,  16  Oak  St.,  Newark,  N.  J.     Oct.  21.    1890 
(Past  President,)    Editor. 

The  Electrical  Engineer^ 

150  Broadway,  New  York.     April  15,  1884 
General  Manager,  Simplex   Electric 

Co. ,  620  Atlantic  Avenue,  Boston, 

Mass.  June  17,  1890 

(Manager,)     Electrical     Expert,    31 

Nassau  St.,  New  York.  July    12,  1887 

Electrician,  Consolidated  Electric  Co. 

Amsterdam,  N.  Y.  Sept.  16.  1890 

Chemist  and   Electncian,   46  West 

Fifty-first  St.,  New  York.  June     8,  1887 

185  Seneca  St.,  Cleveland,  O.  April  15,  1884 

Bergen  Point,  N.  J.  Aug.    6,  1889 

Treasurer  and  Electrician,  Waterloo    Sept.    3,  1889 

Electric  Co.,  Waterloo,  N.  Y. 
Instructor     in      Physics.      Cornell 

University.  Ithaca,  N.  Y,  Sept.  16, 1890 

Civil    and     Consulting     Engineer, 

Providence,  R.  I.  Dec.     9,  1884 

General   Manager,  Watervliet  Turn- 
pike &  R.  R.  Co.,  3  South  Hawk 

Street,  Albany,  N.  Y.  Oct.  21,    1890 

Electrician  and  Inventor,    89  East 

Second  St.,  Plainfield,  N.J.  July    12,  1887 

Lawyer,    Box   3712,    45   Wall   St., 

New  York.  June     2,  1885 

Manager,  Oregon,  Washington  and 

Idaho    Agency,    Edison    General 

Electric    Co.,    Washington  Build- 
ing, Portland,  Or. 
Electrician,  with  Thomson-Houston 

Electric  Co.,  Lynn,  Mass. 
425  E.  Twenty-fourth  St. ,  New  York. 
15  South  St.,  Baltimore,  Md. 
President  of    Stevens    Institute    of 

Technology,  Hoboken,  N.  J. 
Electrician,  131  East  Seventy-third 

St.,  New  York. 
SUtion  Manager,  C.  &  S.  A.  Tel.  Co., 

Tehuantepec,  Mexico. 
Sup't  of  Construction,  Woodbridge 

&  Turner,  Amsterdam,  N.  Y. 


Nov.    12,  1889 

Sept.  3,  1889 
Nov.  12,  1889 
April  15,  1884 
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May  24,  1887 

May  17,  1887 

Jan.  7.  1890 
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Name. 
Myers,  Gbo.  Francis 


Nesmith,  S.  D. 

Newell,  Arthur  J, 
NiciiOLLS,  F.  Victor 

Nichols,  Arthur  E. 

NuNN,  Richard  J.,  M.  /?. 
Oatis,  John  X. 

Ockershausen,  H.  a. 

O'Dea,  M, 

Owens,  R.  B. 

t 

Palmer,  G  W.,  Jr. 

Parsell,  Henry  V.,  Jr. 
Paul,  Chas.  M. 

Peck  Edward  F. 

Peck,  Samuel  C. 

Peirce,  Wm.  H. 

Perkins,  Frank  C, 
Perrinr,  Frederic  A.  C. 

Phelps,  Geo.  M. 
Phillips,  Eugene  F. 
Poole,  Cecil  P. 
IHrpiN.  Dr.  Michael  I. 


Dec.     4,  T88d 


Addrets.  Date  of  Election. 

Post- Graduate      Student,      Cornell 

University,  69  Heastis  St.,  Ithaca, 

N.  Y.  June    17,  1890 

Ohio  Agent,  Edison  General  Electric 

Co.,     322     Society    for     Savings 

Building,  Cleveland,  O.  Sept.  16,  1890 

Electrical  Engineer,  R.  T.  Oakes  & 
Co..  184  Beech  St.,  Holyoke,  Mass.    Mar.    18,1890 

Electrician  and  Manager  Vancouver 
Electric  Illuminating  Co. ,  Van- 
couver, B.  C. 

Student  in  Electrical  Engineering, 
Columbia  College,  16  E.  35th  St., 
New  York  City. 

Ph3rsician,  119  York  St.,  Savannah 
Ga. 

Manager  and  Electrician.  Amster- 
dam Electric  Light  &  Power  Co., 
Amsterdam,  N.  Y. 

Electrical  Engineer,  65  Madison 
Ave.,  Jersey  City,  N.  J. 

Electrician,  University  of  Notre 
Dame,  Notre  Dame,  Ind. 

Superintendent,  Greenwich  Gas  and 
Electric  Light  Co..  Greenwich, 
Conn. 

General  Manager,  McKeesport  Light 
Co.,  McKeesport,  Pa. 

3T  East  Twenty-first  St.,  New  York. 

Electrician,  Care  of  Weston  Electrical 
Instrument    Co.,    645   High    St, 
Newark.  N.  J. 
General  Sup't  Citizens  Electric 
Illuminating  Co  ,  Cor.  Navy  St. 
and  DeKalb  Ave..  Brooklyn,  N.  Y. 

Electrician,  Thomson- Houston  Elec- 
tric Co..  620  Atlantic  Ave,  Bos- 
ton   Mass. 

Superintendent  Marine  Installations, 
Edison  General  Electric  Co., 
Edison  Building,  P.  O.  Box  3067, 
New  York. 

Student  in  Electrical  Engineering, 
Cornell  University,  Ithaca,  N.  Y. 

Superintendent  Insulated  Wire  Dep't. 

John  A.  Roebling's  Sons  Co.,  137 

E.  State  St.,  Trenton,  N.  J. 
( Treasurer).      President,    Electrical 
Engineer,  150  Broadway.  New  York. 

M'f*r  Insulated  Electric  Wire,  Provi- 
dence, R.  I. 

Contracting  Electrical  Engineer. 
206-8  Eighth  St.  Lynchburg,  Va. 

Instructor  in  Mathematical  Physics. 
Columbia  College,  68  W.  72d  St.. 
New  York  City.  MfrT  A^\^^ 
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Name. 
Pope.  Ralph  W. 


Powell,  William  H. 
Putnam,  H.  St.  Clair 

Kae,  Frank  B. 

Randall.  John  E. 

Rerd,  Chas.  J. 

Reed,  Henry  A. 

Reid,  Thorburn 

Reilly,  John  C. 
Reinmann,  a.  L. 
Reist,  H.  G. 

Riker,  Andrew  L. 
Robinson,  Almon, 

Rodman,  Samuel,  Jr. 

Roebling,  Ferdinand  W. 

Roessler,  S.  W. 

Rogers,  Winfield  S. 

Rojme,  H.  C. 
Rosenbaum,  Wm.  a. 

Rosenberg,  £.  M. 

RoYCE,  Fred  W. 

Ryan,  Harris  J. 
Sargent,  W.  D. 
Sawyer,  Frederick  J. 


Addren.  Date  of  Election. 

Secretary  of  the  American  Institute 
of  Electrical  Engineers,  Editor 
EUchic  Power,  12  W.  31st  St., 
New  York.  Residence  570  Cherry 
St.,  Elizabeth,  N.  J.  June     2,  1885 

148  Webster  St.  Pittsburgh,  Pa.  June  17.  1890 

Treasurer  and  Electrician,  Thomson- 
Houston  Carbon  Co.,  Fremont,  O.     Sept.  16.  1890 

Electrical  Engineer,  Detroit  Electri- 
cal Works,  Detroit,  Mich.  April  15,  1884 

Incandescent  Lamp  Dep't,  Thomson- 
Houston  Electric  Co.,  Lynn,  Mass.     May     7,1889 

Electrician,  224  High  St.,  Orange, 
N.  J.  Mar.    5,  1889 

Secretary  and  Manager,  Bishop 
Gutta-Percha  Co.,  422  East  Twen- 
ty-fifth St.,  New  York.  June     4,  1889 

Consulting  Electrical  Eng^ineer  and 
Expert.  15  Wall  and  26  E.  33d 
Sts.,  New  York  City.  Oct.    21,  1890 

General  Sup't,  N.  Y.  &  N.  J.  Tel.  Co. , 

16  Smith  St.,  Brooklyn,  N.  Y.  April  15,  1884 

Electrician,  Breckenridge  Ave., 
Pittsburgh,  Pa.  June     8.  1887 

Electrical  Engineer,  Thomson-Hous- 
ton Electric  Co.,  113  Franklin  St., 
Lynn,  Mass.  June    17,  1890 

Electrical  Engineer,  15  East  Fifty- 
fifth  St.,  New  York.  Nov.     i.  1887 

Draughtsman,  Expert  in  Methods  of 
Gearing,  P.  O.  Box,  943,  Lewis- 
ton,  Me.  Sept.     6,  1887 

Lieut.  1st  Artillery,  U.  S.  A.. 
Fort  Columbus, 

N.  Y.  Harbor.      Sept.  16,  1890 

Manufacturer  of  Electrical  Wires 
and  Cables,  Trenton,  N.  J.  June     8,  1887 

Captain,  U.  S.  A.,    U.  S.  Engineer 

OflSce,  Memphis,  Tenn.  Dec.    3,    1889 

Mechanical  Engineer,  Estate  of  F. 
W,  Richardson.  Troy,  N.  Y.  Sept.     3,  1889 

32  Liberty  St.,  New  York.  April  15,  1889 

Electrical  and  Patent  Solicitor,  Care 
of  Tke  ElecUical  World,  Times 
Building,  New  York.  Jan.      3,  1889 

Supt.  Manhattan  E.  L.  Co.,  80th  St., 
and  Ave.  B.  Residence,  784  Lexing- 
ton Ave.,  N.Y.  City.  Oct.    21,  1890 

Electrician  and 'Patent  Solicitor,  1408 
Pennsylvania  Ave.,  Washington 
D.  C.  April  15,  1884 

Professor  of  Electrical  Engineering, 
Cornell   University,  Ithaca,  N.  Y.     Oct.     4,  1887 

General  Manager,  N.  Y.  &  N.  J.  Tel. 
Co.,  16  Smith  St.,  Brooklyn,  N.  Y.     April  15,  1884 

Pres't,  The  New  England  Electric 
Co.,  55  Oliver  St.,  Boston,  Mass.      Line     8,  1887 
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Name. 

Saxelby,  Frederick, 


ScHMiD.  Albert 
Schmidt,  Frederick, 

Searing,  Lewis 
Seely,  J.  A. 

Serrell,  Lemuel  \Vm. 
Shaw,  George  B. 
Sheble,  Franklin 
Sheehan.  William  M. 

Sinclair,  H.  A. 

Sise.  Charles  F. 

Smith,  Frederick  H. 
Smith,  Gerritt 
Smith,  J.  Elliot 

Smith,  Jesse  M. 

SouzA,  Carlos  Monteiro 
Spicer,  Chas.  W.  W. 
Spike,  Clarence  J. 
Sprague,  Frank  J. 

Stadelman,  Wm.  a. 

Stanley,  William,  Jr. 
Stearns,  Charles  K. 

Steinmetz,  Charles 
Stockbridge,  Geo.  H. 


Address.  Date  of  Election. 

Electrical  Engineer,  Superintendent 
of  Exhausting  Department,  Edison 
Lamp  Co.,  Harrison,  N.  J.  June    5,  1888. 

Superintendent,  Westinghouse  Electric 

&  Mfg.  Co.,  Pittsburgh,  Pa.  Oct.    21,  1890. 

Managing  Director,  The  Schmidt- 
Douglas  Electric  Co.,  L'td.,  31 
Blenheim  Rd.,  Bradford,  England.    Jan.     3.  1888 

Care  A.  S.  Pope,  Box  124.  Colorado 
Springs.  Colorado.  April    3,1888 

General  Manager,  Complete  Con- 
struction Co.,  24  Cortlandt  St., 
New  York.  April  15,  1884 

Mechanical  aud  Electrical  Engineer, 

115  Broadway,  New  York.  Nov.     1.1887 

General  Manager,  National  Electric 

Mfg.  Co.,  Eau  Claire,  Wis.  April  15,  1890 

Electrical  Engineer,  Thomson- Hous- 
ton Electric  Co.,  Lynn.  Mass.  Oct.    21,  1890 

Manager  and  Electrician,  Newburgh 
Electric  Light  &  Power  Co.,  65 
Montgomery  St.,  Newburgh,  N.Y.  Sept.  3.1889 
Electrical  Engineer.  The  Tucker 
Electric  Co.,  950  Bedford  Ave., 
Brooklyn,  N.  Y.  June   17,  1890 

Vice-President  and  Managing  Direc- 
tor, Bell  Telephone  Co. ,  of  Canada, 
and  Canadian  Telephone  Co.,  Ltd., 
Montreal,  Canada.  June     8,  1887 

Civil  Engineer.  227  East  German 
St.,  Baltimore,  Md.  Nov.  12,  1880 

Circuit   Electrician,    195' Broadway, 

P.  O.  Box  3393,  New  York.  April  15,  1884 

Superintendent  Fire  Alarm  Tele- 
graph, 157  East  Sixty-seventh  St., 
New  York.  April  15,  1880 

Consulting  Electrical  Engineer  and 

Expert  in  Patent  Causes,  36  Mof- 

fatt  Block,  Detroit,  Mich.  April  15,  1884 

e  Rio  de  Janeiro,  Brazil.  Sept.    6,  1887 

122  West  2rst.  St  ,  New  York  City.  Nov.  12,  1889 

Halifax,  N.  S  Mar.   18,  1890 

{ Vice-President.)  Electrical  En- 
gineer and  Inventor,  277  W^est 
73d  St.,  New  York.  May    24,  1887 

Vice-Prest.  and  Chief  Engineer, Equit- 
able Elec.  Ry.  Construction  Co., 
418  Walnut  St  ,  Philadelphia,  Pa.     Feb. 

Electrician,  Pittsfield,  Mass.  Dec. 

Sup't  of  Construction,  N.  W.  Thom- 
son-Houston Electric  Co.,  403 
Sibley  St.,  St.  Paul,  Minn.  Aug.     6,  1889 

Electrician,  Osterheld  &  Eickemeyer, 

Yonkers,  N.Y.  Mar.  18,  1890 

Patent  Attorney,  and  Editor  Electric 
Power.  132  Nassau  St.,  New  York. 


7,  1890 
6,  1887 
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Nume.  Address  Date  of  Election 

Stockly,  Geo.  W.  President,  Brash  Electric  Co.,  Cleve- 

land, O.  April  15,  1884 

Electrician  and  Manager,  Storey 
Electric  Drill  and  Power  Co., 

16  Broad  St.,  New  York  City.     May  20,   1890 
Clerk,    Thomson   Electric    Welding 

Co.,  Lynn,  Mass.  June     4.  1889 

Bus.   M'g'r  and  Treas'r,  The  W.  J. 
Johnston  Co.,  Ltd.,   Publishers  of 
the   Electrical    World,   167   Times 
Building,  P.O.  Box  3332,  New  York.    May    17.1887 
Chief  of  Patent  Bureau, 
Thomson  Electric  Welding  Co., 

89  State  St.,  Boston,  Mass.     May  20.    1890 
Secretary  and    Electrical  Engineer, 
New     Bedford    Gas    Light    Co., 
New  Bedford,  Mass. 
Metallurgist,  U.  S.  Assay  Office,  30 

Wall  St.,  New  York. 
Electrical    Engineer,    575    Madison 

Ave.,  New  York. 
Electrical    Engineer  and   Inventor, 
The  Gerlach,  55   West  27th  St., 
New  York. 
Thompson,  William  Geo.  MacNeill,  Resident  Engineer,  Sault 

Ste.  Marie  Canal,  Sault  Ste.  Marie. 
Ontario. 
Thomson,  Prof.  Elihu  {^Past President).  Electrician,  Thom- 
son-Houston Electric  Co.,  and 
Thomson  Electric  Welding  Co., 
Lynn,  Mass. 
TOBEY,  William  BoARDMANPittsfielci^  Electric  Light   &  Power 

Co.,  Piitsfield,  Mass. 


Storey,  Imle  £. 

t 

Stuart.  Otis  K. 

Stump,  Clarence  E. 

Sweet,  Henry  N. 
Taber.  Robert  B. 

Taylor,  Charles 

Temple.  William  Chase 

» 

Tesla,  Nikola 


Townsend,  Henry  C. 

Tregoning,  John 
Uebelackkr,  Chas.  F*. 
Uhlenhaut.  Fritz,  Jr. 
Upton,  Francis  R. 


{Manager)^    Attorney  and  Expert  in 

Electric'*  Cases,  5  Beekman   St., 

New  York. 
Sup't,    Thomson    Electric  Welding 

Co.,  325  Boston  St.,  Lynn,  Mass. 
Brush  Electric  Co.,  and  1299  Euclid 

Ave.,  Cleveland  Ohio. 
Field  Engineering  Co.,  15  Cortlandt 

St.,  New  York. 


{Manager).     Treasurer  and  General 

Manager,     Edison     Lamp     Co., 

Harrison,  N.  J. 

President,  Metropolitan  Telephone  & 

Telegraph  Co.,   18  Cortlandt  St., 

New  York. 

Electrician,  Okonite  Insulated  Wire 

Co.,  Passaic,  N.  J. 
Manager,    Duluth    Telephone    Co.. 

Duluth,  Minn. 
65  Fifth  Avenue,  New  York, 
Van  Trump.  C.  Rkc.inald    Wilmington  City  Electric  Co.,  Wil- 
mington, Del. 
Van  Valkkn burgh,  F.  S.      Central  and    South  American  Tel. 

Co.,  Tehuantepec,  Mexico. 


Vail,  Theo.  X. 

Varley,  Richard,  Jr 
Van  Brunt,  Walter 
Vanck,  a.  St.  Clair 
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Name. 
Van  Vleck,  Frank 

ViDUARRE,  Jose 

W ACKER,  George  G. 

Wallace,  William 
Walter,  Henry  E. 
Wardell,  George  P. 
Waring,  Richard  S. 
Waterhouse,  Frank  G. 
Waters,  Edward  G. 

Watson,  Robert 

Watts,  H.  Franklin. 
Webb,  Herbert  Laws 


Welles,  Francis  R, 
Weller.  Harry  W. 

White,  H.  C. 
White,  J.  G. 

White,  Will  F. 

Whitmore,  W.  G. 

Whitney,  Henry  M. 
Wightman,  Merle  J. 

Wiley,  Wm.  H. 
Williams,  Arthur  S. 

Williams,  Charles,  Jr. 

Williams,  James  B.  M,  Z>, 
Winkler,  Charles  F. 

WiNSLOW,  I.  E. 
WiNT&INGHAM,  J.  P. 


Addren.  Date  of  Electioa* 

Chief  Engineer,  San  Diego  Cable 
Tramway  Co.,  San  Diego,  Cal. 

Dealer  in  Electrical  Supplies,  Ponce, 
Porto  Rico. 

Electric  Organs,  3644  Third  Ave., 
New  York. 

Wire  Manufacturer,  Ansonia,  Conn. 

Schenectady,  N.  Y. 

19  Cedar  St.,  Newark,  N.  J. 

205  Penn  Building,  Pittsburgh,  Pa. 

Bolinas  Bay,  Bolinas,  Cal. 

Electrical  Engineer.  Thomson- Hous- 
ton Electric  Co. ,  620  Atlantic  Ave., 
Boston,  Mass. 

The  Elektron  M'f'g.  Co., 

9  W^ashington  St. . 

Brooklyn,  N.  Y. 

Electrical  Engineer,  Meriden  Horse 
R.  R.  Co.,  Box  looi.,  Meriden,  Ct. 

Assistant  Electrician,  The  Met- 
ropolitan Telephone  and  Telegraph 
Co.,  18  Cortlandt,  and  159  W. 
94th  St.,  N.  Y.  City. 

Manufacturer,  Bell  Telephone  Manu- 
facturing Co.,  Antwerp,  Belgium 

Railroad  Inspector,  The  Edison 
General  Electric  Co.,  Edison 
Building,  Broad  Street,  and  Jam- 
aica, N.  Y. 

Manager,  Phoenix  Iron  Works  Co., 
15  Cortlandt  St.,  New  York. 

J.  G.  White  &  Co.,  Electrical  Engin- 
eers and  Contractors,  50  Broadway 
New  York  City. 

Electrical  Engineer,  Sec'y  and  Treas. 
Western  Engineering  Co.,  448 
Bee  Building,  Omaha,  Neb. 

Electrical  Engineer,  Edison  General 
Electric  Co.,  Edison  Building, 
Box  3067,  N.  Y.  C.  Mar.    18,  1890 

President,  West  End  Street  Railway 
Co.,  81  Milk  St.,  Boston,  Mass.        July    12,  1887 

Vice-President  and  Electrician,  The 
Wightman  Elec.  Mfg.  Co.,  4 Com- 
monwealth Bldg.,  Scranton,  Pa. 

Scientific  Expert,  53  East  loth  St., 
New  York. 

Electrician,  American  Telephone  and 
Telegraph  Co.,  18  Cortlandt  St., 
New  York  City. 

Electrician,  100  Sudbury  St. ,  Boston, 
Mass. 
,  44  Broadway,  Room  60,  New  York. 

Electrician,  Troy  Electric  Dynamo 
Co.,  4  Park  Ave.,  Troy,  N.  Y.  Sept.    3,  1889 

45S  Produce  Exchange,  New  York.       Nov    12.  t??o 

Theorist,  36  Pine  St.,  New  York.  ^V^^' 
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Nov.  i6,  1886 

Sept.    6,  1887 

Sept.  6,  1887 
April  15,  1884 
April  2,  1889 
Nov.  12,  1889 
April  15.  1884 
Sept.    6,  1887 


Mar.  18,  1890 


Oct.  21,     1890 
May  20,  1890 


Oct.  21,    1890 
Sept.    6,  1887 

Oct.  21,    1890 
April  15,  1884 


April    2,  1889 


Feb.      7,  1890 


Mar.     5,  1889 
Feb.      7,  1888 


May  20,  1890 

April  15,  1884 
Sept.     7,  1888 
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Name 

Wirt,  Charles. 

WOLCOTT,  TOWNSEND 
WOLVERTON,  B.  C. 

Wood.  E.  J. 
Woodruff,  H.  O. 
WooLF,  Albert  E. 

WORTHINGTON,  GeORGE 

Wright,  John  D. 
Young,  Alden  M. 

Young,  C.  Griffith 
Zalinski,  Edmund  L. 
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Address 
Edison  General  Electric  Co.,  Edison 

Building,  P.  O.  Box  3067.  N.  Y. 
Consulting  Electrician,   849  Greene 

Ave.,  Brooklyn,  N.  Y. 
Electrician,  N.  Y.  &  Pa.  Telephone 

&  Telegraph  Co.,  Elmira,  N.  Y. 
Consulting  Engineer  and  Contractor, 

243  Broadway,  New  York. 
Agent,  Sprague  Electric   Railway  & 

Motor  Co.,  Des  Moines,  Iowa. 
Electrician    and     Inventor,     Woolf 

Electrical  Co.,  20  Nassau  St.  Room 

50  and  864  Lexington  Ave.,  New 

York  City. 
Manager,  Electrical  Review ^  13  Park 

Row,  New  York. 

Electrician's  Assistant,  United  Elec- 
tric Traction  Co.,  107  Garrison 
Ave.,  Jersey   City,  N.  J. 

Contractor  for  Organization  and  Com- 
plete Equipment  of  Electric  Light- 
ing Plants,  1 01  Bank  St.,  Water- 
bury,  Conn. 

Superintendent  and  Electrician, 
Mount  Morris  Electric  Co.,  Van- 
dam  and  Greenwich  Sts.  New  York. 

Captain  of  Artillery,  U.  S.  A.,  Care 
of  War  Dept.,  Washington,  D.  C. 


Associate  Members, 


335. 


Date  of  Election. 
Sept.  8,  188S 
Mar.  6,  1888 
Mar.  18,  1890 
July  12,  1887 
Oct.     2,  1888 

Sept.  16,  1890 
April  15,  1884 

Oct.  21,    1890 

Sept.     6,  1887 

Jan.  3.  1889 
May    17,  1887 


SUMMARY. 

Honorary  Members, 3 

Members. 151 

Associate  Members. 334 

Total        -        -        -        -      488 
Any  errors  in  this  list,  or  changes  in  address  should  be  reported  to  the  Secretary. 
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THE  ST  AND  AE  I)  WIRING  TABLE. 

Discussion  of  the  Pkeliminary  Report  of  the  Committee  by 
THE  American  Institute  of  Electrical  Engineers. 

New  York,  September  16th,  1890. 

The  President  (Prof.  W:  A.  Anthony) : — The  first  matter 
before  us  this  evening  is  the  report  of  the  Standard  Wiring 
Table  Committee.  The  Secretary  will  read  the  action  of  the 
Council  by  which  this  was  referred  to  the  general  meeting. 

The  Secretary: — ^The  Standard  Wiring  Table  Committee 
was  appointed  by  the  Council  some  months  ago,  and  has  held 
several  meetings,  and  at  the  meeting  of  the  Council,  June  17th, 
a  preliminary  report  was  submitted  as  appears  from  the  follow- 
ing note  in  the  minutes : 

The  preliminary  report  of  the  Standard  Wiring  Table  Com- 
mittee on  Matthiessen's  Standard,  was  presented  by  the  Chair- 
man of  the  Committee,  Mr.  Crocker.  On  motion  of  Mr.  Wetzler, 
the  report  was  received  and  ordered  printed  in  the  Transactions. 
On  motion  of  Mr.  Maver,  it  was  resolved  to  submit  this  prelim- 
inary report  to  a  general  meeting  of  the  Institute  for  action." 

Mr.  Geo.  M.  Phelps  :  — Will  you  please  read  the  preliminary 
report  ? 
Mr.  Crocker  read  the  preliminary  report  as  follows : 
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PRELIMINAEY  REPORT  OF  THE 
"STANDARD  WIRING  TABLE  COMMITTEE." 


In  Regard  to  Matthiessen's  Standard  of  Rebistanceof  Copper. 


Tlie  Council  of  this  Institute  at  its  regular  monthly  meeting 
held  December  3,  1889,  appointed  a  Committee  "to  formulate 
and  submit  for  approval  a  standard  wiring  table  for  lighting  and 
power  purposes." 

The  Committee  appointed  consists  of  the  following  members 
of  the  Institute :  Thomas  P.  Conant,  Dr.  Louis  Duncan,  Prof. 
Wm.  E.  Geyer,  A.  E.  Kennelly,  George  B.  Prescott,  Jr.,  E. 
Wilbur  Rice,  Jr.,  Prof.  E.  P.  Roberts,  Prof.  Harris  J.  Ryan, 
William  Stanley,  Jr.,  Dr.  Schuyler  S.  Wheeler  and  Francis  B. 
Crocker,  Chairman. 

This  action  was  taken  by  the  Council  with  the  object  of  over- 
coming or  reducing  the  great  confusion  which  now  exists  in 
regard  to  the  standards  and  constants  of  electric  conductors. 

At  the  first  meeting  of  the  Committee  held  January  10, 1890, 
it  was  decided  to  confine  the  work  at  first  to.the  three  subjects 
of  Standards  of  Resistance ;  Temperature.Co  efficient ;  and  Safe 
Carrying  Capacity  of  Copper,  since  these  are  of  fundamental 
importance. 

Thi  subject  of  Matthiessen's  Standard  alone  is  so  confused 
and  involved,  and  the  discrepancies  are  so  great  between  the  best 
authorities  that  the  Committee  has  devoted  its  attention  almost 
entirely  to  this  subject  up  to  the  present  time. 

After  a  very  thorough  investigation  of  Matthiessen's  work 
with  a  view  to  ascertaining  what  his  Standard  really  was.  by  a 
sub-committee,  consisting  of  Prof.  Wm.  E.  Geyer,  Mr.  George 
B.  Prescott,  Jr.,  and  the  Chairman,  the  conclusion  has  been 
reached  that  Matthiessen's  "mile  standard"  (one  statute  mile  of 
j)ure  copper  wire  1-10  inch  in  diameter  has  resistance  of  13.59 
B,  A.  units  at  15.5°  C.)  is  not  the  true  one  although  very  com- 
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monly  used.  We  consider  the  correct  Matthiessen's  Standard 
and  the  one  in  which  he  himself  had  most  confidence  was  the 
*'  metre-gramme  "  standard  (resistance  of  pnre  hard  drawn  copper 
wire,  one  metre  long  weighing  one  gramme  ==-  .1461*  B.  A. 
Units  at  0  °  C)  This  has  the  disadvantage  that  it  is  expressed 
in  terms  of  weight  instead  of  diameter.  It  is,  however,  very 
mnch  jnore  difficult  to  get  the  exact  mean  diameter  of  a  wire 
than  to  get  its  exact  weight  as  Matthiessen  himself  states. 
Furthermore,  by  selecting  the  most  reliable  constants  given  by 
Matthiessen  and  corroborated  by  investigation  and  correspondence 
with  the  best  authorities,  we  have  by  calculation  converted  ihis 
"  metre-gramme  "  standard  into  a  standard  referred  to  dimensions 
and  independent  of  weight,  which  is  the  form  generally  used. 

The  various  constants  selected,  the  method  of  calculation  and 
the  values  deduced  are  given  in  a  table  at  the  end  of  this  report. 

As  to  the  fact  that  wires  may  be  found  which  test  102  per 
e«nt.  of  Matthiessen's  standard  or  even  higher,  we  are  of  the 
opinion  that  this  is  no  real  objection  provided  the  value  of  the 
standard  is  definite  and  generally  accepted.  A  standard  which 
is  not  the  highest  attainable  value  m&y  even  be  considered  an 
advantage  since  the  average  commercial  wires  will  approximate 
to  it  more  closely. 

Although  we  believe  the  standard  we  recommend  will  answer 
the  purpose  temporarily  and  probably  permanently,  neverthe- 
less, we  think  that  if  a  thoroughly  correct  and  complete  redeter- 
mination of  the  standard  resistance  of  copper  could  be  accom- 
plished, it  would  be  a  benefit  to  electrical  science  and  industry. 
Favorable  offers  in  this  direction  have  already  been  received  by 
this  Committee  from  Johns  Hopkins  University,  Cornell  Univer- 
sity and  Columbia  College,  and  it  is  very  likely  that  this  redeter- 
mination may  be  undertaken.    - 

This  Committee  purposes  next  to  take  up  the  subject  of  the 
safe  carrying  capacity  of  wires. 

Matthiessen's  standard  recommended  by  this  Committee  is : 

A  hard  drawn  copper  wire  1  metre  long  weighing  1  granmie 
("metre-gramme")  having  resistance  of  .1469  B,  ^.  units  at 
temperature  0  °  Centigrade.* 

From  this  standard  we  calculate  by  taking  the  value  8.89  for 
the  specific  gravity  of  copper,  that  a  hard-drawn  wire  1  metre 
long  and  1  millimetre  in  diameter  ("metre-millimetre")  has  a 

*  Philosophical  Magazine,  May,  1865.  ^  j 
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resistance  of   .02104  B,  A.  units  at  0  °  (7.    This  value  is  also 
given  by  Matthiessen.f 

Matthiessen's  figures  X  for  relative  conducting  power  are : 

Silver 100 

Hard  or  unannealed  copper 99.95 

Soft  or  annealed  copper 108.21 

From  these  the  resistance  of  hard  copper  is  found  to  bei  1 .0226 
times  that  of  soft  copper,  therefore  the  resistance  of  a  soft  copper 
wire  1  metre  long  and  1  millimetre  diameter  is  .02067  B.  A. 
units  at  0  **  a 

From  this  the  resistance  of  1  cubic  centimetre  of  soft  copper 
is  found  to  be  .000001616  B.  A,  units  at  0  °  a 

And  the  resistance  of  soft  copper  \vire  1  foot  long  and  .001 
inch  in  diameter  (mil-foot)  is  9.720  B.  A.  units  at  0  °  C. 

Taking  one  B.  A,  unit  as  .9889  legal  ohm  any  of  the  above 
values  may  be  converted  into  legal  ohms.  To  find  the  conduc- 
tivity of  copper  at  temperatures  other  than  0  °  <7.  Matthiessen's 
formula  may  be  used  C^,  C^  (1  —  .00387  t  +  .000009009  t\) 

Table  op  Values  Based  iJpoN  Matthiessen's  Correct  Standard. 

B.  A.  Unite.     Legal  Ohms. 

Matthiessen's  Standard  metre-gramme,  hard 1469  .  1458 

Metre-gramme,  soft 1436  .  1420 

Metre-millimetre,  hard 02104  .02080 

Metre-millunetre,  soft 02057  .02034 

Cubic  centimetre,  hard 000001652  .000001684 

Cubic  centimetre,  soft 0000001616  .000001598 

Mil-foot,  hard 9.940  9.829 

Mil-foot,  soft 9.720  9.612 

Specific  resistance  of  hard  copper  (1  cub.  cent.)  —  1634  (C.  G.  S.  units.) 

Specific  resistance  of  soft  copper  (1  cub.  cent.)  =  1598  (C.  G.  S.  units.) 
Matthiessen's  Standard  specific  gravity  of  hard  copper,  8.89. 
Resistance  of  hard  copper  is  1.0l'26  times  that  of  soft  copper. 
Resistance  of  soft  copper  is  .9779  times  that  of  hard  copper. 
Legal  ohm  is  equal  to  1.0112  B.  A.  units. 
B.  A.  unit  is  equal  to  .9889  Legal  ohms. 

F.  B.  CKOCKER, 

Chairman. 

(Note.— -This  report  has  since  been  revised  in  accordance  with  the  instructions 
of  the  meeting  of  Sept.  16,  1890.     R.  W.  POPE,  Secretary.) 


t  PhtlosopJiieaZ  Afagazine,  May,  1866. 
{  '•  Transariiom,  1864. 
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Mr.  Crocker  continued  as  follows  : 

"  Of  course  the  derived  values  follow  as  soon  as  the  fundamen- 
tal standard  is  decided  on,  and  the  question  therefore  is,  not  what 
the  derivations  are,  but  whether  the  fundamental  standard  is  cor- 
rect ;  in  other  words,  whether  Matthiessen's  '  mile  standard '  or 
Matthiessen's  '  metre-gramme '  standard  is  the  more  reliable. 
Now  the  sub-committee  has  investigated  this  particular  point  with 
a  great  deal  of  care  and  arrived  at  a  very  definite  conclusion : 
that  the  metre-gramme  standard  was  unquestionably  the  more 
accurate  and  the  more  reliable  of  the  two,  and  that  Matthiessen 
himself  so  considered  it.  Fortunately,  after  having  decided  this, 
we  received  a  letter  from  Mr.  Latimer  Clark,  who  is  one  of  the 
best  authorities  on  this  matter,  and  who  was  a  contemporary  of 
Dr.  Matthiessen :  in  fact  he  suggested  to  Dr.  Matthiessen  thai  he 
undertake  these  experiments,  so  he  is  especially  competent  to 
express  an  opinion  on  this,  subject,  and  he  agreed  with  our  con- 
clusions in  every  respect.  We  had  already  arrived  at  these  con- 
clusions, so  his  letter  was  simply  corroborative.  Mr.  Latimer 
Clark's  letters  to  the  Committee  covered  the  subject  very  thor- 
oughly and  clearly,  and  I  wish  here  to  express  our  thanks  to  him 
for  his  kindness.  There  is,  however,  considerable  confidence  in 
the  mile  standard,  and  I  think  simply  for  the  reason  that  it  hasbefen 
used,  and*  the  fact  that  a  mile,  and  the  sixteenth  of  an  inch  are 
more  familiar  values  for  the  ordinary  American  and  English 
engineer  than  a  metre  and  a  gramme,  but  the  metre-gramme  is 
just  as  capable  of  being  transformed  into  practicable  and  common 
units  as  the  mile,  and  sixteenth  of  an  inch.  The  necessity  for  de- 
ciding on  some  standard  is  more  urgent  than  would  be  ordinarily 
supposed.  This  morning  for  instance,  in  mj  ordinary  profes- 
sional work,  I  referred  to  two  wiring  tables  issued  by  presuma- 
bly competent  persons,  and  both  intended  to  be  correct  and  bojh 
being  such  as  an  engineer  would  use  in  his  practice.  One  of 
these  tables  gave  the  resistance  of  No.  25  B.  &  S.  gauge  copper 
wire  as  33.4  ohms  per  pound  at  75  deg.  Fahrenheit.  The  otner 
gave  it  as  34.7  ohms  per  pound  at  the  same  temperature.  Now 
there  is  a  difference  of  1.3  ohms  in  33  ohms,  which  is  about  4  per 
cent.  In  some  cases  it  does  not  make  very  much  difference 
whether  it  is  4  per  cent,  one  way  or  the  other,  but  4  per  cent,  is  a 
yery  considerable  discrepancy,  and  in  a  great  many  cases  it  would 
make  a  very  serious  difference.  For  instance,  I  was  figuring  on 
sixteen  pounds  of  wire  and  it  made  a  difference  of  almost  21  ohms. 
That  is  not  only  measurable,  but  it  is  a  serious  matter  in  some 
cases.  I  think  that  when  two  wiring  tables  that  electrical  engi- 
neers ordinarily  use,  differ  by  4  per  cent.,  it  is  time  to  do  some- 
thing. I  just  happened  to  pick  up  these  tables  this  morning.  I 
did  not  do  so  with  reference  to  this  subject.  I  dare  say  if  I 
looked  for  discrepancies  I  could  find  much  greater  ones.  The 
adoption  of  this  standard  does  not  mean  that  every  wire  used  for 
commercial  purposes  shall  be  100  per  cent,  of  Matthiessen's  stan- 
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dard.  There  is  no  reason  why  an  electrical  engineer  in  his  spec- 
ifications should  not  reciuire  101  per  cent.,  it  he  considers  it 
necessary,  and  I  can  think  of  cases  where  it  might  be  necessary. 
On  the  other  hand,  it  might  be  t?ufficient  if  the  conductivity  was 
97  or  98  per  cent,  of  the  standard.  It  is  simply  necessary  that 
we  should  have  some  definite  value. 

The  question  whether  any  standard  at  all  is  necessary  is  a 
more  important  one ;  as  it  is  not  absolutely  necessary  to  have  a 
standard.  We  could  simply  say  that  one  mil-foot  or  one  cubic 
centimetre  of  the  copper  used  for  a  certain  purpose  should  have 
such  and  such  resistance — in  other  words  a  certain  specific  resist- 
ance. But  practical  men  have  become  accustomed  to  usin^  Mat- 
thiessen's  standard,  and  they  seem  to  want  a  standard,  and  they 
will  use  one  whether  we  want  them  to  or  not ;  such  being  the 
case  I  think  it  better  to  decide  what  Matthessen's  standard  is.  It 
certainly  is  commonly  used.  You  see  the  expression  in  every 
book  and  almost  every  paper  and  specification,  and  as  it  now  has 
no  definite  value — even  though  it  is  not  used  in  the  future,  just 
simply  to  have  it  settled  once  and  for  all,  1  think  it  would  be 
well  to  settle  upon  a  definite  standard.  We  feel  sure  that  the 
Institute  will  make  no  mistake  in  adopting  this  as  Matthiessen's 
standard,  and  unless  there  is  some  particular  objection  to  it  which 
has  not  been  brought  out  by  our  investigations,  we  hope  the  In- 
stitute will  do  so. 

Mr.  George  B.  Prescotf,  Jr.  : — In  making  this  report,  the  Com- 
mittee has  not  thought  it  necessary  to  go  into  details  very  much, 
and  it  may  be  interesting  to  members  of  the  Institute  to  know 
how  this  discrepancy  in  what  is  called  Matthiessen's  standard  has 
arisen.  In  the  first  place,  it  is  perhaps  worth  while  to  inquire 
why  this  standard  was  adopted  in  preference  to  any  other.  The 
reason  was,  because  Dr.  Matthiessen  made  a  series  of  careful  ex- 
periments to  determine  the  resistance  of  metals  and  the  variation 
of  their  resistance  with  changes  in  temperature,  which  extended 
over  a  great  number  of  years  and  formed  the  basis  of  the  work 
of  the  British  Association  which  decided  on  the  practical  stand- 
ards. It  seems  tliat  years  before  this  British  Association  Com- 
mittee undertook  this  labor,  various  standards  of  resistance  had 
been  proposed  by  German,  French  and  English  electricians,  and 
they  were  of  all  kinds,  and  among  them  was  one  proposed  by 
Dr.  Matthiessen,  which  was  this  *'  standard  mile."  Tiiere  were  no 
ohms  in  those  days,  and  he  made  up  a  standard  mile  of  this  cop- 
per and  that  .was  used  as  a  unit  in  England  for  a  long  time. 
Later  on,  when  the  Committee  of  the  British  Association  had  de- 
termined the  value  of  the  ohm  in  absolute  units  and  had  pre- 
pared practical  standards,  part  of  this  (-ommittee  tested  the  dif- 
ferent standards  that  had  been  made  in  different  parts  of  the 
world,  including  this  standard  of  Matthiessen,  and  when  they 
measured  it  they  found  that  it  was  equal  to  13.59  British  Asso- 
ciation ohms.     Matthiessen  never  gave  it  that  valucLJt  was  sini- 
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ply  an  arbitrary  standard  that  lie  selected,  because  it  was  aconven- 
lent  nnit.  Probably  it  was  the  size  of  wire  commonly'  used  in 
those  days.  So  that  really  it  never  was  a  standard  except  in  that 
sense.  After  Matthiessen's  work  was  completed  and  published, 
Dr.  Fleeming  Jenkin,  who  was  the  Secretary  of  the  Association, 
tabulated  the  results.  Matthiessen's  measurements  were  made 
with  respect  to  weight  and  length,  and  also  diameter  and  length. 
But  his  measurements  of  diameter  were  always  very  unsatisfac- 
tory, and  finally  the  only  measurements  that  he  really  relied  on 
were  those  of  length  and  weight.  But  he  made  a  very  great 
mistake,  which  he  himself  acknowledges  in  his  reports,  which 
was,  that  he  neglected  to  take  the  specific  gravity  of  the  actual 
samples  that  he  experimented  on,  and  tlie  result,  of  course,  is 
easily  understood.  Every  sample  of  copper  varies  somewhat  in 
its  physical  properties,  and  if  you  were  to  take  one  hundred 
samples  of  wire  and  measure  their  resistance  at  a  given  weight 
and  length,  and  then  attempt  to  calculate  the  resistance  from 
the  cubical  dimensions,  you  woiild  find  a  difference,  simply  be- 
cause there  is  a  difference  in  the  drawing  of  wires  which  cnanges 
their  molecular  constitution.  Dr.  Matthiessen  neglected  to  take 
the  specific  gravity  of  any  sample  of  wire  that  he  tested,  and  the 
result  is,  that  we  do  not  know  to-day  what  Matthiessen's  standard 
is  except  in  terms  of  weight  and  length. 

A  further  complication  arose  in  this  way,  that  Dr.  Fleeming 
Jenkin.  who  as  I  say,  tabulated  the  results  which  Dr.  Matthies- 
sen obtained ;  made  all  sorts  of  derivations,  giving  the  resistances 
in  foot-grains  and  foot-mils  and  metre-grammes  and  metre-milli- 
metres— all  by  calculation.  Of  course  in  converting  from 
length  and  weight  into  length  and  diameter  he  had  to  use  spe- 
cific gravity.  He  selected  certain  specific  gravities.  In  his 
original  table  there  are  errors.  Those  errors  have  been  copied. 
Other  people  have  calculated  tables  from  the  standard  mil  unit, 
and  of  course  they  give  different  results,  so  when  Matthiessen's 
standard  is  referred  to  to-day,  there  is  a  great  deal  of  uncertainty  as 
to  which  standard  is  n:eant.  As  a  matter  of  fact,  the  statute 
mile  standard  is"  probably  nearer  the  true  resistance  than  the 
metre-gramme,  for  the  reason  that  it  gives  a  higher  conductivity, 
and  there  have  been  any  number  of  cases  of  wire  being  tested 
that  had  greater  than  one  hundred  per  cent,  conductivity,  and  it 
was  for  this  reason  that  seven  or  eight  years  ago  I  calculated  a 
wire  table,  and  selected  this  unit  of  Matthiessen's  simply  because 
it  was  the  lowest,  and  agreed  with  some  results  that  1  had  actu- 
ally o!)tained. 

Mb.  Geobge  G.  Grower  : — I  think  there  is  a  mistake  made 
when  hard  copper  wire  is  assumed  as  the  standard  and  the  re- 
sistance of  soft  copper  reckoned  from  it.  This  takes  for  granted 
that  there  is  a  fixed  ratio  in  resistance  between  hard  and  soft 
copper.  But  this  ratio  depends  entirely  upon  the  hardness  of 
the  hard  copper  compared  with  the  soft,     lor  instance,  if  you 
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take  lar^e  copper  wire  and  have  it  as  bard  as  you  can  ^et  it,  the 
conductivity  would  be  almost  as  good  as  soft  copper,  while  in  a 
small  wire  it  would  not  be  nearly  so  good.  I  have  had  as  much 
as  eight  per  cent,  difference  between  hard  and  soft  copper  made 
out  of  exactly  the  same  stock  on  small  wires.  If  we  should 
make  the  wire  very  small,  I  dare  say  it  would  make  still  more 
difference. 

I  agree  with  the  Committee  that  the  metre-gramme  standard 
is  the  more  reliable,  because  whenever  I  have  tried  to  make  tests 
with  diameter  I  could  not  get  any  sort  of  agreement  among 
them ;  but  where  I  take  soft  copper  standard,  no  matter  what 
the  size  of  the  copper  is  or  anything  else,  so  long  as  it  is  soft 
copper,  and  from  tne  same  stock,  I  get  almost  the  same  result. 
But  if  you  take  hard  copper  for  the  tests,  the  results  will  diffei 
several  per  cent.,  according  to  the  size  of  the  copper.  I  think 
for  that  reason  the  standard  should  be  soft  copper  of  a  given 
length  and  weight. 

Mr.  Crocker  : — It  is  perfectly  correct  as  an  abstract  statement 
that  soft  copper  is  more  constant  in  its  resistance  than  hard  cop- 
per. Hard  copper  can  be  made  of  almost  any  resistance  up  to 
several  per  cent,  above  soft  copper.  But  soft  copper  is  not 
Matthiessen's  standard.  It  is  precisely  like  the  case  oi  the  foot. 
The  English  foot  originally,  I  have  heard,  was  the  length  of  the 
King's  foot.  Well,  now,  at  the  present  day,  I  think  it  is  a  little 
in  excess  of  the  average  length  of  the  human  foot.  But  it  does 
not  make  a  particle  of  difference,  provided  it  has  a  definite 
value,  and  it  has,  and  providing  a  correct  copv  of  the  standard  is 
kept  in  a  safe  place — it  does  not  make  any  difference  whether  it 
is  an  inch  longer  or  an  inch  shorter  than  the  human  foot.  It  has 
a  definite  value,  and  no  one,  I  think,  at  the  present  time,  would 
recommend  changing  the  English  foot,  as  a  unit  of  measure- 
ment, to  agree  more  closely  with  the  length  of  the  anatomical 
English  foot.  It  is  precisely  the  same  with  Matthiessen's  stand- 
ard. Unfortunately  or  fortunately,  as  you  may  look  upon  it, 
Matthiessen  has  promulgated  a  standard  and  it  has  been  largely, 
in  fact  almost  universally  accepted.  Now  all  that  is  necessary  is 
to  adopt  a  definite  value  for  this  standard.  It  does  not  make 
much  difference  what  it  is,  provided  it  is  definite  and  generally 
accepted.  Of  course  in  selecting  a  definite  value  we  want  to  se- 
lect the  best  one,  the  most  reliable  one,  the  one  that  he  has  him- 
self considered  most  reliable,  and  the  one  that  other  authorities 
deem  the  best.  So  it  seems  to  me  that  the  mere  fact  thai  one 
standard  or  another  approximates  more  closely  to  what  the  high- 
est possible  value  is,  or  the  fact  that  one  or  the  other  happens  to 
be  easier  to  determine  in  practice,  makes  no  great  difference,  pro- 
vided we  get  a  certain  dennite  standard  or  resistance  for  various 
lengths,  weights,  diameters  and  kinds  of  copper.  I  think  that 
all  that  is  necessary  is  to  free  this  subject  from  its  great  con- 
fusion by  simply  adopting  a  definite  standard,  and  if  that  stand- 
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ard  happens  to  be  more  correct  than  some  other,  so  much  the 
better ;  but  even  if  it  is  not,  it  is  very  much  better  than  con- 
fusion. 

Dr.  Louis  Bell: — As  regards  this  question  of  standards,  I 
suppose  that  standards  must  be  established,  but  it  is  not  a  pleas- 
ant task  for  the  man  who  has  to  do  it.  Of  course  everybody 
now  understands  perfectly  well  that  Matthiessen's  standard  does 
not  represent  the  actual  resistance  of  chemically  pure  copper, 
eitlier  soft  or  hard.  It  represents  those  particular  specimens  of 
copper  which  he  had  in  hand,  and  fortunately  happens  to  repre- 
sent something  that  is  pretty  nearly  good  commercial  copper  in 
everv  day  use.  ^"ovv  what  is  to  be  gained  in  going  to  work  and 
oi»taming  the  purest  copper  that  the  chemist's  art  can  give  us  and 
then  working  out  all  our  wiring  tables  on  that  basis,  if  after  all 
this  labor  and  trouble,  we  have  the  result  that  we  are  compelled 
every  time  we  calculate  commercial  copper  to  multiply  the  val- 
ues of  those  wire  tables  by  .984362  or  some  such  unpleasant  dec- 
imal, which  would  make  everybody  very  tired  who  had  the  mis- 
fortune to  have  anything  to  do  with  it.  If  we  had  a  perfectly 
sharp  and  definite  standard  of  the  purest  copper  obtainable,  we 
would  not  be  able  to  use  it,  but  would  have  to  transform  it  to 
some  other  value  which  meets  commercial  conditions.  I  very 
cordially  agree  with  the  recommendation  of  the  Committee  to  take 
as  a  standard  something  that  is  generally  accepted  and  does  rep- 
resent what  we  can  reach  in  commercial  practice.  With  a  table 
made  up  on  that  basis  a  man  can  buy  his  wire  with  a  certain  feel- 
ing of  confidence  that  its  resistance  is  goingj  to  be  pretty  nearly 
what  is  laid  down  in  the  table,  and  that  ne  will  not  nave  to  mul- 
tiply by  any  complex  fraction  to  find  what  the  real  resistance  of 
the  sample  he  has  bought  is  likely  to  be.  The  Matthiessen  stan- 
dard recommended  by  the  Committee,  simply  does  represent  the 
commercial  copper  of  the  day ;  not  very  good  commercial  cop- 
per either ;  and  for  this  reason  that  it  does  represent  what  we  can 
readily  obtain  and  what  we  can  count  on  buying,  I  believe  this 
standard  even  though  it  is  not  the  strictly  absolute  standard  of 
copper  resistance,  is  an  excellent  practical  working  value  to  use 
until  we  have  some  complete  determination  of  the  conductivities 
of  metals.  There  is,  by  the  way,  great  need  of  that,  and  I  hope 
it  will  be  done.  I  hope  the  offer  received  by  the  Committee  will 
be  taken  up  and  that  tlie  subject  will  be  worked  over,  because  in 
the  resistance  of  metals  other  than  copper,  there  is  a  still  greater 
discrepancy  than  we  find  in  copper.  !But  pending  that,  and  per- 
haps for  future  time  quite  independent  of  the  results  that  may 
be  reached  in  such  a  research,  i  believe  that  the  practical  stan- 
dard proposed  by  the  committee  is  an  exceedinffly  good  one. 

Mr.  Crocker  : — In  regard  to  what  Dr.  Bell  said  about  the  Mat- 
thiessen standard,  fortunately  agreeing  with  ordinary  commer- 
cial copper,  1  think  that  is  a  strong  recommendation  in  its  favor. 
I  see  no  practical  reason,  certainly,  for  spending  months-^in  obf 
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taining  copper  purer  than  has  ever  been  obtained  before,  and 
purer  than  any  ordinary  user  of  copper  can  ever  expect  to  obtain, 
and  determine  its  resistance,  and  tnen  call  that  the  standard. 
There  may  be  some  scientific  reason  for  it.  but  there  is  certainly  no 
practical  reason.  Now  a  standard  like  Matthiessen's  is  simply  a 
commercial  standard.  It  is  used  incidentally  in  scientific  work 
as  a  definite  value,  but  that  is  not  its  primary  object.  Its  pri- 
mary object  is  an  ordinary,  definite,  practical  standard  of  resist- 
ance of  copper,  and  the  nearer  that  standard  approximates  to  com- 
mercial averages,  so  much  the  better ;  and  ii  we  pucceed  in  get- 
ting a  wire  which  is  lo3  per  cent,  of  Matthiessen's  standard,  and 
I  think  it  would  be  possible  to  do  that,  I  do  not  see  that  it  would 
vitiate  the  standard  a  particle.  I  think  Dr.  Bell  rather  over- 
rates the  average  conductivity  of  commercial  wire.  I  think  if 
one  succeeds  in  getting  wire  of  100  per  cent.  Matthiessen's  stan- 
dard every  time,  he  would  be  doing  very  well,  and  I  think  that 
most  ppecifications  do  not  call  for  more  than  9^  to  9S  per  cent. 
Matthiessen's  standard,  which  shows  that  the  standard  is  such 
that  the  very  best  commercial  wire  just  about  reaches  it  and  or- 
dinary wire  just  falls  below.  The  highest  point  at  which  reason- 
ably good  copper  wire  would  go  under  commercial  conditions,  I 
think  is  exactly  where  the  standard  ought  to  be.  I  suppose  the 
tendency  is  for  the  conductivity  of  copper  to  go  up  all  the  time 
with  improved  methods  of  manufacture,  but  I  doubt  whether  it 
ever  gets  much  above  Matthiessen's  standard,  and  I  think  it  may 
get  so  that  the  best  copper  is  about  equal  to  Matthiessen's  stan- 
dard. So,  as  Dr.  Bell  says,  it  fortunately  agrees  with  commer- 
cial values. 

Mr.  William  Wallace  : — There  is  one  thing  to  be  considered, 
— that  there  are  so  many  degrees  of  hardness  and  softness. 
You  cm  get  copper  extremely  hard  or  soft  and  get  all  the  range 
between,  and  that  plays  a  very  important  part  in  this  question. 
I  have  heard  very  little  said  albout  that.  It  is  a  thing,  I  think, 
that  ought  to  be  looked  into. 

Mr.  William  B.  Halsey  : — How  would  it  do  in  practice  if 
silver  were  used  as  the  metal  which  the  standard  should  be  made 
of  ?  Is  there  as  much  variation  in  the  hardness  and  softness  of 
silver  as  there  is  in  copper  ?  Or  would  aluminum  be  a  better 
metal  yet  ? 

Mr.  Prescott: — T  can  answer  that.  Dr.  Matthiessen  used 
silver  as  the  standard,  and  a  great  many  of  the  discrepancies  that 
occur  in  his  results  are  due  to  the  fact  that  at  different  times  he 
used  different  standard  wire,  so  thnt  when  he  came  to  compare  a 
copper  wire  that  he  had  tested  with  one  silver  standaid  and  then 
later  by  another  silver  standard,  he  would  get  discrepancies,  and 
all  througjh  his  report  you  will  find  difficulties  of  that  sort  which 
he  himself  pointed  out.  There  is  6ne  other  point  that  I  would 
like  to  mention — ^hat  is  the  question  of  the  temperature-coeffi- 
cient for  copper.  Mr.  Crocker,  I  think,  neglected  to  read  the  V|alue 
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given  by  MatthiesBen,  wliich  we  have  picked  out  very  carefully ; 
and  1  want  to  call  your  attention  to  another  curione  error  that 
has  crept  into  the  text-books  in  regard  to  this  temperatnre-cotfli- 
cient.  Matthiessen  gave  the  value  in  terms  of  conductivity  at  zero 
temperature  multiplied  by  a  certain  constant.  This  constant  is 
composed  of  three  terms,  and  there  s  a  minus  sign  before  the 
second  one.  Now  conductivity  is  not  so  commonly  used  as  re- 
sistance, therefore  to  make  this  formula  generally  useful  the  text- 
books have  converted  it  into  terms  of  resistance  and  in  doing  this 
they  have  invariably,  so  far  as  I  have  found  merely  changed  the 
signs.  What  they  should  have  done  was  to  take  the  reciprocal 
of  this  value  and  the  reciprocal  changes  second  term  of  this 
constant,  and  that  correction  has  never  appeared  anywhere  that  I 
am  aware  of  excepting  in  an  article  which  I  published  in  the 
Electrical  Engineer  some  little  time  ago  calling  attention  to  it. 
This  is  rather  an  interesting  thing.  Matthiessen's  formula  for 
the  temperature  coefficient  is  this : 

Ci—n^  (1— .00387^  +  .000009009^^ 

This  same  fonnula  is  also  commonly  used  for  resistance,  merely 
with  the  first  sign  changed.  But  if  the  correct  reciprocal  value 
is  taken,  the  value  of  the  second  term  will  be  considerably 
altered. 

Dr.  William  B.  Geyer  : — I  suppose  that  this  report,  so  far 
as  the  verbal  part  of  it  is  concerned,  is  more  or  less  provisionaJ. 
Asa  member  of  the  sub-committee  on  MatthiessenV  standard,  I  am 
perfectly  familiar  with  all  its  contents.  But  a  few  days  Hgo,  I 
wrote  a  letter  to  the  Chairman,  suggesting  certain  changes  in  the 
sense  expressed  by  Mr.  Grower,  namely  :  that  we  ought  not  to  speak 
of  Matthiessen's  standard  as  being  the  resistance  of  a  certain 
sample  of  hard  copper,  but  we  ought  to  speak  of  it  as  being  the 
resistance  of  a  certain  sample  of  soft  copper,  which  latter  Dr. 
Matthiessen  also  gives,  and  the  reason  is.  as  Mr.  Grower  just  said, 
that  hitherto  all  coppers,  even  hard  copper,  have  been  compared 
with  pure  annealed  copper  as  being  the  nighest  conductivity  gen- 
erally known,  and  if  that  report  is  provisional,  as  far  as  the  word- 
ing goes;  I  would  again  suggest  that  it  be  modified  in  that  direc- 
tion. 

Mb.  Crockek  : — I  think  that  objection  can  be  overcome  by 
simply  stating  that  Matthiessen's  standard  for  hard  copper  is  such 
a  value,  and  For  soft  copper  is  such  another  value,  giving  them 
equal  prominence,  they  being  unquestionably  Matthiessen's  stan- 
dards for  hard  and  soft  copper  respectively.  In  other  words 
there  is  no  reason  for  pushing  one  of  them  ahead  of  the  other. 
They  are  derived  from  each  other  directly,  and  this  objection 
seems  to  be  really  more  verbal  than  material. 

Dr  Geyer  : — I  think  there  is  an  objection  to  speaking  of  both 
hard  and  soft,  especially  as  hard  coppers  are  of  all  degrees  of 
hardness.  It  is  true,  too,  that  soft  coppers  are  of  all  degrees  of 
softness ;  but  when  we  speak  of  annealed  copper  we jth^@^^it|^ 
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as  being  annealed  as  well  as  it  can  be,  and  practically  all  coppers, 
hard  and  soft,  shonld  be  compared  with  something  that  is  sup- 
posed to  be  perfect. 

Mr.  Gkowbr  : — In  regard  to  the  relative  degree  of  hardness 
and  softness  of  copper,  I  might  say  that  ont  of  numerous  tests  I 
have  made  with  copper,  half  an  inch  or  over  in  diameter  down  to 
one  or  two  thousandths  only,  I  have  not  found  as  much  as  a  half 
per  cent,  difference  in  soft  copper.  Although  I  never  tested  any 
very  small  hard  copper,  I  got  as  much  as  eight  per  cent,  differ- 
ence, nearly  nine  per  cent,  difference,  between  different  stan- 
dards of  hard  copper  or  different  sizes  made  of  the  same  stock. 
Precisely  on  that  ground  alone  I  think  that  is  is  not  right  that 
any  standard  of  hard  copper  should  be  accepted,  because  it  leads 
to  the  inference  of  a  certain  ratio  between  the  conductivity  of 
hard  and  soft  cupper.  I  think  with  very  small  hard  copper,  we 
could  get  fifteen  or  twenty  per  cent,  difference.  The  wire 
that  I  tried  was  not  small.  It  was  about  No.  22 ;  I  am  not  sure 
precisely  what  it  was. 

The  J?be8ident  : — It  would  seem  to  me  that  it  would  be  better 
to  recommend  only  one  standard,  from  the  fact  that  what  we  are 
after  is  to  establisn  some  sort  of  a  standard  on  which  wiring  tab- 
les can  be  computed.  It  is  not  the  idea,  as  I  have  understood  it, 
that  we  are  trying  to  establish  a  standard  material  from  which  the 
resistance  of  copper  could  be  determined.  That  is,  if  a  person 
has  lost  all  his  standards  of  resistance  he  could  not  go  and  pick 
out  a  piece  of  copper  wire  and  measure  off  a  piece  a  metre  long 
and  weighing  one  gramme  and  say  this  shall  have  such  and  sucL 
resistance,  and  take  that  as  a  stanaard  and  go  to  work  and  deter- 
mine the  relative  resistances  of  other  pieces.  That  would  be  out 
of  the  question  He  could  not  obtain  a  sample  of  copper  exactly 
like  what  Matthiessen  used.  But  what  we  do  want  to  do,  is  to 
fix  upon  some  standard  length  and  weight,  or  length  and  diameter 
as  having  a  certain  resistance.  That  is,  we  shall  say  that  a  cer- 
tain piece  of  copper  of  any  certain  deeree  of  hardness  or  purity, 
of  a  certain  lengtli,  at  a  certain  weight,  nas  a  certain  resistance,  and 
then  go  to  work  and  compute  our  wiring  tables,  putting  in  all  that 
we  ordinarilv  put  into  wiring  tables.  Now  we  have  something  that 
is  perfectly  definite.  This  wiring  table  says  that  a  copper  wire  a 
mile  long  and  one-tenth  of  an  inch  in  diameter,  we  will  say,  meas- 
ures 5  ohms.  Very  weU.  If  w^e  find  that  we  have  a  piece  of  copper 
wire  that  is  a  mile  long,  and  one-tenth  of  an  inch  in  diameter, 
that  measures  4.9,  why  the  resistance  is  98-lOOths.  of  the  stan- 
dard. We  do  not  care  what  the  standard  is.  So  that  it  seems  to 
me  that  what  we  want  to  adopt  here  is  some  one  standard,  not 
two.  We  do  not  want  two  wiring  tables.  We  have  half  a 
dozen  wiring  tables  now;  and  it  is  just  what  we  are  after  to  get 
rid  of  different  values,  and  if  this  Institute  adopted  this  standard 
to-night  with  these  two  values  in  it,  it  seems  to  me  that  we  should 
find  somebody  by-and-by  calculating  a  wiring  table  on  one  of 
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them  and  publishing  it  and  sending  it  out  all  over,  and  somebody 
else  would  calculate  a  wiring  table  on  the  other  standard  and 
send  it  out  also,  and  then  we  should  have  two  wiring  tables. 

Db.  Getbb: — Another  reason  suggests  itself  to  me  as  to  limit- 
ing the  standard  to  one  value,  and  more  particularly  the  value  of 
soft  copper.  There  are  two  vq-luable  qualities  in  copper  sought 
after— conductivity  and  tensile  strength.  If  you  want  to  get  the 
tensile  strength  you  lose  conductivitv.  If  you  want  to  get  con- 
ductivity you  lose  tensile  strength.  Kow,  if  the  two  things  could 
be  combined  in  one,  that  would  be  a  very  valuable  property.  Sup- 
pose one  manufacturer  aims  at  tensile  strength  aad  he  is  asked  what 
IS  your  conductivity.  Well  then,  he  will  probably  calculate  by 
hard  copper  and  say,  "  Oh,  my  conductivity  is  so  high — very 
high  indeed."  Then  this  sample  will  be  sent  to  somebody  for 
testing.  He  will  examine  it  and  perhaps  use  a  hard  copper 
standard,  or  perhaps  use  a  soft  copper  standard,  or  perhaps  re- 
port on  both,  and  in  that  way  confusion  is  at  once  introduced. 
Let  a  man  make  up  his  mind  what  he  wants — whether  he  wants 
conductivity  and  sacrifices  tensile  strength  to  that,  or  wants  ten- 
sile strength  and  sacrifices  conductivity  to  that. 

Mb.  Cbookeb: — I  agree  with  the  President  and  Dr.  Gever  in 
the  inadvisability  of  having  two  standards-  I  forgot  for  the  mo- 
ment that  two  would  cause  confusion.  I  think  that  one  standard 
had  better  be  adopted.  The  avoidance  of  confusion  is  para- 
mount. 

The  Peesident  : — I  think  that  the  soft  copper  is  the  better 
standard  for  the  reason  that  soft  copper  is  much  more  definite 
than  hard  copper.  The  hard  copper,  as  I  understand  it,  varies  so 
greatly  in  hardness  that  if  we  have  a  hard  copper  standard  it  is 
not  likely  that  any  other  hard  copper  would  agree  with  that 
standard.  We  might  have  a  hard  copper  that  dinered  by  four 
per  cent,  from  soft  copper,  or  a  hard  copper  that  differed  by  one 
per  cent,  from  soft  copper ;  so  that  the  hard  copper  standard 
would  not  have  any  definite  relation  to  the  hard  copper  standards 
in  commercial  use ;  while  with  annealed  coppers  of  the  same 
purity  we  may  expect  that  they  will  pretty  well  agree  with  each 
other. 

Me.  Fbanklin  L.  Pope  : — I  move  that  the  provisional  report 
of  the  Committee  be  adopted  with  the  recommendation  that 
the  standard  be  expressed  m  terms  of  soft  copper — Matthiessen's 
value. 

The  motion  was  seconded  and  carried. 

The  Pbesident  : — Now  it  seems,  as  this  is  only  a  preliminary 
report,  the  matter  is  still  in  the  hands  of  the  Committee  for  fur- 
ther action  by-and-bv. 

Mb  Cbogkeb  : — I  should  rather  have  the  matter  defimitely  de- 
cided to-night.  I  doubt  if  it  will  be  again  taken  up  by  the  In- 
stitute for  some  time  to  come,  and  there  seems  to  be  no  great  con- 
flict of  opinion  in  regard  to  it.  ^  , 
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Mr.  George  M.  Phelps  : — I  underetand  that  we  have  now 
definitely  adopted  the  report  of  the  Committee  as  amended  bv 
the  suggestions  that  have  been  made  and  that  the  Siatthiessen's 
metre-gramme  standard  is  adopted.  That  seems  to  me  to  be  dis- 
posed of.  But  I  understand  the  President  implied  in  what  he 
said  that  the  Committee  perhaps  had  better  be  continued  to  finish 
the  rest  of  its  work,  and  thereiore  I  move  that  the  Committee  be 
continued  to  report  at  some  later  convenient  time. 

Mr.  Presoott  : — On  what  ? 

Mb.  Phelps  : — You  were  going  to  get  up  some  wiring  tables. 

Mr.  Cruoker  : — There  is  lots  of  work  ahead  for  the  Committee 
and  the  Committee  proposes  to  undertake  it,  but  it  would  relieve 
our  minds  very  mucn  and  encourage  us  to  go  farther  and  do  better 
if  we  felt  that  part  of  our  work  had  been  accepted. 

The  President  : — The  Chairman  understood  that  this  motion 
adopted  the  Matthiessen  standard  for  soft  copper  as  reported  by 
this  Committee  as  the  expression  of  this  Institute;  that  that  part 
had  been  adopted  and  settled,  and  the  suggestion  was  that  the 
Committee  should  now  proceed  to  the  further  work,  as  this  is  only 
a  preliminary  report. 

Mr.  Presoott: — As  I  understand  it,  the  Committee  will  make 
this  revision  that  has  been  suggested  in  this  report  and  that  then 
it  will  be  published  in  the  Transactions  without  further  submission 
to  the  Institute. 

The  President  : — That  was  the  understanding  of  the  Chair. 

Mr.  Phelps  : — I  think  that  is  quite  important,  Mr.  Chairman, 
although  it  would  not  be  exactly  in  coniormity  with  what  has 
taken  place  here;  but  it  would  be  important  that  this  report,  when 
it  is  published,  should  be  quite  clear.  Therefore,  as  Mr.  Prescott 
suggests,  that  report  before  printing  should  be  revised  in  the 
sense  in  which  it  has  been  accepted  by  the  meeting.  Then  it 
would  not  be  open  to  any  one  to  make  any  difficulties  on  the 
record. 

A  Member  : — I  would  like  to  ask  whether  the  gentleman  re- 
ferred to  some  action  of  Johns  Hopkins  and  Columbia  Colleges 
and  some  other  institutions  in  reference  to  the  subject,  and  if  tne 
Committee  have  any  recommendations  to  make. 

Mr.  Crocker  : — The  Committee  at  first  thought  that  a  stan- 
dard should  be  detemined  with  the  best  modern  instruments  and 
with  the  best  attainable  copper  but  what  we  require  after  all  is 
simply  a  definite  standard,  and  although  it  would  satisfy  our  cur- 
iosity to  have  the  highest  attainable  conductivity  of  copper  de- 
temined, I  doubt  if  it  would  benefit  science  or  electrical  industry 
very  much  to  have  it  done.  At  one  time  we  had  decided  to  go 
ahead  in  that  direction  and  we  were  very  much  encouraged  by 
the  offers  of  assistance  which  were  given  to  us,  but  I  think  now 
it  would  simply  be  a  matter  of  deciding  the  highest  attainable 
conductivity  in  terms  of  Matthiessen's  standard,  which  of  course 
would  be  an  interesting  thing  to  find  out,  and  it  might  possibly 
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be  used  as  a  standard  of  some  sort  or  be  of  benefit  to  electrical 
science  in  other  ways. 

Mb,  Robbet  S.  Ijobbie  : — If  this  metre-gramme  standard  is 
decided  on,  it  is  eqnally  important  that  the  specific  gravity  should 
be  determined.  Do  I  understand  from  the  Chairman  of  the 
Committee  that  we  had  definitely  decided  on  a  certain  value  given 
to  Dr.  Matthiessen  ? 

Mb  Cbookeb  : — Yes,  it  follows  as  a  matter  of  course  that  a 
certain  value  of  specific  gravity  is  Matthiessen'e  value.  But  this 
is  all  arbitrary.  Unfortunately  Matthiessen  did  not  detennine 
the  specific  gravity  of  his  particular  sample.  But  the  only  spe- 
cific gravity  which  will  maKC  his  two  values  agree  is  8.89,  which 
therefore  is  Matthiessen's  value  for  the  specific  gravity  of  cop- 

Mb.  Bobebt  S.  Dobbie  : — That  is  the  specific  gravity  of  soft 
copper? 

Mb.  Cbookeb  : — No,  hard  copper.  We  simply  take  th^  value 
given  by  Matthiessen  for  soft  copper,  and  adopt  that  as  our  stand- 
ard. That  involves  this  specific  gravity  in  deriving  it,  but  after 
the  standard  is  once  arrived  at  and  adopted,  the  specific  gravity 
used  in  getting  it  ceases  to  be  important. 

Mb.  JJobbie  : — That  soft  standard  has  been  adopted  by  the 
vote  of  the  Institute. 

Mb.  Cbockbb: — Yes,  and  that  necessarily  assumes  specific 
gravity  in  deducing  it,  but  now  it  applies  to  all  copper  of  all  spe- 
cific gravities. 

Db  Geteb  : — The  determination  of  the  highest  conductivity 
obtainable  in  copper  is,  I  think,  pimply  an  interesting  scientific 
question  npt  having  much  practical  importance.  I  think  the  de- 
termination of  the  specinc  gravity  of  commercial  copper  is 
of  some  practical  importance,  and  I  have  proposed  to  myself,  at 
an  early  opportunity,  to  get  a  large  number  of  samples  of  com- 
mercial copper  in  order  to  see  what  really  is  the  specific  gravity 
of  commercial  copper.  As  Mr.  Crocker  has  stated,  the  specific 
gravity,  8.89,  is  simply  one  deduced  from  Matthiespen'e  figures  ; 
it  is  to  that  extent  an  assumption.  We  are  compelled  to  take 
that,  in  order  to  harmonize  the  conductivity  in  terms  of  weight 
and  length,  as  stated  by  him,  with  the  conductivity  in  terms  of 
length  and  diameter  as  also  stated  by  him.  Possibly  he  made 
the  determination  of  a  sample  and  found  that  specific  gravity, 
although,  as  far  as  I  recollect,  it  is  not  definitely  stated.  Now, 
if  it  should  be  found  that  the  specific  gravity  of  commercial 
copper  i8  8.89,  then  it  will  be  perfectly  correct  to  go  from  his 
metre-gramme  system  where  resistances  are  stated  m  terms  of 
weight  and  length,  to  a  system  which  is  more  commercial,  where 
resistances  are  stated  in  terms  of  length  and  diameter. 

A  Membeb  : — I  would  like  to  ask — ^and  this  is  a  question  which 
has  attracted  a  good  deal  of  attention  across  the  water,  especially 
in  England  and  Germany — how  this  standard  would  compare 
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with  the  present  knowledge  of  the  matter  in  France,  England 
and  Germany. 

Dr.  Geyer: — As  far  as  the  standard  goes,  I  think  in  Ger- 
many they  very  largely  refer  condnctors  to  mercnry,  which  has 
some  scientific  advantages,  though  practically  it  is  not  a  good  way 
to  do  it,  and  in  this  country  T  do  not  think  it  will  be  ever  intro- 
duced where  people  have  got  into  the  habit  of  referring  to  the 
Matthiessen  standard. 

Dr.  Bell  : — It  does  not  seem  necessary  to  offer  any  more  em- 
barrassing suggestions  in  the  way  of  the  Committee ;  but  there  is 
one  point  mentioned  by  Mr.  Crocker  to  which  I  would  like  to 
take  exception,  and  that  is  the  legal  ohm  part ;  because  it  hap- 
pens that  the  British  Association  at  its  Leeds  meeting  has  recom- 
mended a  new  value  for  the  legal  ohm  which  ou^t  to  come 
under  careful  consideration,  recommending  the  standard  mer- 
cury column  106.3  centimetres  long  instead  of  106  as  assumed 
by  the  Paris  Conference  in  1884,  and  that  change  will  probably 
come  up  in  active  form  very  shortly.  So  that  I  simply  throw 
that  out  as  another  little  suggestion  to  the  Committee  in  their 
already  complicated  task. 

Mr.  Crocker;— I  think  that  the  Committee  would  have  to 
have  a  daily  cablegram  from  London  to  keep  themselves  up  to 
date  on  the  question  of  the  value  of  the  legal  ohm,  and  the  Com- 
mittee has  no  appropriation  for  cablegrams.  Possibly  it  would 
be  better  to  give  Matthiessen's  standard  in  terms  of  B.  A.  unit«, 
and  then  from  time  to  time,  as  the  whims  of  foreign  electricians 
went  one  way  or  the  other,  we  could  modify  our  figures  to  suit 
the  legal  ohm  at  that  particular  time.  In  fact,  Matthiessen's 
standard,  bad  as  it  is,  is  about  as  definite  as  the  ohm. 

Mr.  Prescott:  —  Although  we  have  adopted  Matthiessen's 
value  for  soft  copper  definitely,  and  I  think  there  are  good  prac- 
tical reasons  for  doing  it,  as  a  member  of  the  committee  I  would 
like  to  show  the  historical  and  logical  reasons  for  adopting  the 
hard  standard  which  we  did.  The  wires  that  Matthiessen  tested 
were  all  hard  samples,  the  ones  that  he  made  the  ultimate  meas- 
urements of.  He  determined  the  relative  resistance  of  soft  cop- 
Eer  by  comparing  pieces  of  soft  copper  with  the  resistance  of 
ard  samples  which  he  had  measured,  and  he  did  not  make,  so 
far  as  1  have  been  able  to  ascertain,  any  distinct  measurements  of 
soft  copper,  but  derived  it  purely  by  relative  measurements. 


THE  UNIT  OF  SELF-INDUCTION. 

The  Secretary  : — ^The  next  subject  to  be  discussed  and  acted 
on  is  the  adoption  of  an  American  name  or  names  for  one  or 
more  practical  electrical  units.  This  matter  was  also  referred  to 
this  meeting  by  the  Council,  June  17th.  The  resolutions  have 
been  printea  in  all  the  papers,  and  I  have  them  here  if  the  mem- 
bers wish  them  read. 
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The  Phesident  : — Do  you  desire  the  reading  of  the  resolu- 
tions? 

The  reading  of  the  resolutions  was  called  for  and  the  Secretary 
read  them  as  follows : 

Whereas, — It  has  been  the  custom  in  the  nomenclature  of  electrical  units  to 
perpetuate  the  names  of  men  who  have  contributed  most  to  electrical  science, 
and 

Whereas. — In  the  names  thus  far  adopted  the  eminent  services  of  Americans 
have  not  been  reco^ized,  therefore 

Besolved. — That  in  the  opinion  of  the  American  Institute  of  Electrical  Engi- 
neers, a  just  distribution  of  the  honors  thus  bestowed  necessitates  a  recognition 
of  the  splendid  contribul  ions  to  electrical  science  of  one  or  both  of  America's 
great  electricians — Benjamin  Franklin  and  Joseph  Henry ;  and, 

Resolved.  —That  this  Institute  will  e:ladly  co-operate  with  other  bodies  in 
this  country  and  abroad  to  secure  the  general  adoption  of  these  names  for  elec- 
trical units;  and, 

Resolved. — That  the  name  of  Henry  should  be  ^ven  to  the  practical  unit  of 
self-induction,  since  he  was  the  discoverer  and  greatestinvestigator  of  this  pheno- 
menon, and  because  this  unit  at  present  is  called  a  quadrant,  which  is  merely  a 
numerical  value  and  not  a  suitable  name. 

Besolced. — That  this  Institute  recommend  to  electrical  societies  and  electrical 
engineers  the  general  use  of  the  name  Henry  for  the  unit  of  induction  as  being 
the  quickest  and  surest  way  to  secure  its  final  adoption. 

Dr.  Schdtler  S.  Wheeleb:  Mr.  President,  is  not  a  reso- 
lution now  before  the  Institute  ? 

The  Pre8ii:)ent  : — The  resolution  just  read  is  now  before  us, 
having  been  referred  to  a  general  meeting  by  the  vote  of  the 
Council. 

The  Secretary  : — ^I  do  not  understand  that  it  is  to  be  finally 
acted  npon  at  this  meeting. 

Dr.  W  heeler  : — Is  there  any  difficulty  in  acting  upon  it  finally  ? 

Mr.  Crocker  : — None  that  I  am  aware  of,  and  I  urge  that  it 
be  acted  upon  unless  there  is  some  objection.  I  introduced  this 
resolution  at  the  Council  meeting  and  hoped  for  some  action 
there,  forgetting  that  it  was  hardly  within  the  province  of  the 
Council  to  take  final  action  on  a  matter  of  this  sort,  and  it  was 
deemed  best  to  refer  it  to  a  general  meeting  of  the  Institute,  but 
I  think  that  is  sufficient  and  that  a  generalmeeting  of  the  society 
is  perfectly  competent  to  act  on  this  matter.  As  to  the  advisab- 
ility and  propriety  of  doing  it,  I  see  no  objection.  In  fact  the 
idea  has  been  received  very  favorably  by  electricians  abroad,  and 
the  only  point  that  there  can  be  any  question  about  is  whether 
Henry  is  clearly  entitled  to  the  discovery  of  self-induction. 
Henry's  orginal  paper,  which  antedates  by  two  years  anythinff 
that  Faraday  did  in  that  direction  (the  only  other  man  whocoula 
be  entitled  to  be  called  the  discoverer  of  this  phenomenon^  was 
printed  in  the  year  1832  in  Silliman's  Journal  and  distmctly 
describes  the  phenomenon  and  states  that  it  is  due  to  the  action 
of  the  current  on  itself,  that  is  to  say— self-induction. 

As  to  the  word  "henry"  for  a  unit,  I  think  it  is  rather  better 
than  the  overage.  Some  of  the  names  of  electrical  units  are  very 
good.     They  are  almost  all  of  them  unique  and  different  from 
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anjthing  else.  Ohm,  Volt,  Ampere,  Coulomb  and  Henry  never 
would  te  miBtaken  for  anything  else,  becanse  they  are  proper 
names  and  the  context  wonld  always  clearly  distingnish  them. 
Henry  seems  to  be  eminently  snited  to  be  tlie  name  of  an  electri- 
cal unit.  It  is  shorter  than  ampere  and  coulomb.  It  is  as  short 
as  joule  and  farad  and  is  almost  as  short  as  the  very  short  words 
ohm  and  volt.  It  only  differs  from  volt  which  is  an  extremely 
short  word,  by  one  letter.  So  I  see  no  reason  for  abbreviating  it, 
although  it  has  bi*en  suggested  by  Dr.  Fleming  to  abbreviate  it  to 
*' hen,  "which  I  think  is  open  to  several  serious  objection.  The 
first  is  that  the  names  loses  its  identity.  Faraday  may  be  abbre- 
viated to  farad  and  everbody  would  know  what  it  came  from, 
whereas  if  you  abbreviated  it  to  "  far"  nobody  would  know  what 
it  meant.  And  the  same  way  with  heniy .  I  think  if  it  is  abbre- 
viated to  "  hen  "  it  loses  its  identity  entirely. 

Now  I  think  it  better  not  to  state  exactly  what  the  value  of  a 
''  henry  "  is.  Whatever  the  unit  of  self-induction  is  decided  to 
be,  let  that  be  called  the  **  henry."  If  we  fix  a  certain  value  to  the 
"henry,"  and  the  unit  of  self-mduction  is  made  something  else, 
that  would  cause  trouble.  So  I  think  we  had  better  leave  a  blank 
for  the  value  of  the  "  henry."  The  present  unit,  in  my  opinion, 
is  rather  high  and  it  might  be  cut  down. 

The  number  of  units  that  have  been  allotted  to  different  coun- 
tries is  rather  interesting.  We  have  farad,  watt,  and  joule  for 
England.  We  have  ampere  and  coulomb  for  France  We  have 
ohm  for  Germany  and  volt  for  Italy.  Those  are  all  I  recollect 
now.  1  think  that  England  and  France  had  better  wait  until  the 
other  countries  catch  up  to  them.  Dr.  Fleming  tries  to  put  in 
another  English  name  with  this  American  name.  In  that  way 
the  English  would  get  another  unit  every  time  any  other  countrV 
got  one,  and  thus  keep  a  controlling  interest  in  units  as  it 
were.  But  I  do  not  think  that  is  at  all  necessary.  They  already 
have  three,  and  although  their  contributions  have  been  large,  they 
have  not  been  infinite  as  compared  with  American  contributions, 
as  the  ratio  of  3  to  0  would  imply,  and  I  think  we  ough+  to  have 
one  or  two,  to  say  the  least,  before  England  gets  another.  The 
fact  that  all  other  countries  have  one  or  more,  and  we  have  noth- 
ing is  really  something  to  take  action  upon.  It  is  almost  an  in- 
sult to  American  electrical  science  that  there  is  not  any  unit 
named  after  an  American,  and  in  the  future,  people  vrill  think 
there  must  have  been  some  reason  for  it,  that  something  must 
have  been  the  matter  with  our  electrical  engineers  at  this  time  or 
they  would  have  had  a  unit  named  after  them  or  seen  that  there 
was  a  unit  named  after  some  American  electrician.  It  is  not 
only  a  slight  to  the  men  for  whom  the  unit  should  be  named,  but 
it  is  a  reproach  to  the  men  who  do  not  make  it  their  business  to 
see  that  some  unit  is  named  after  some  American,  and  therefore 
I  hope  that  this,  or  some  equivalent  resolution  will  be  adopted. 
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Db.  Whrelbb  : — I  move  the  adoption  of  the  resolution  that 
the  Secretary  has  read. 

(The  motion  was  seconded.) 

Db.  Bell  : — I  am  heartily  in  accord  with  this  resolution,  but 
I  must  say  that  we  may  make  our  blanket  so  large  that  we  shall 
find  it  covering  some  very  undesirable  tl»ings.  In  other  words 
1  feel  very  sure,  and  I  thmk  all  ihjr  associates  will  agree  with  me 
in  that,  that  if  we  pass  this  resolution  and  put  the  word  "  henir  " 
into  use  to  represent  the  unit  of  self-induction,  it  will  be  used  in 
every  case  as  the  synonym  of  the  pr»*8ent  unit.  In  fact  it  has 
been  so  used  since  its  hrst  suggestion,  and  1  believe  if  we  ever 
make  this  like  o  her  names  derived  from  the  names  of  men,  the 
name  of  a  practical  unit,  we  should  endeavor  to  have  it  represent 
a  unit  which  can  be  conveniently  used  in  practice.  1  do  not  be- 
lieve that  any  electrician  ever  had  occasion  to  encounter  the  unit 
of  capacity  without  indulging  in  animadversion  on  the  men  who 
got  it  out.  We  not  only  use  microfarad,  but  the  customary  stan- 
dard you  find  around  laboratories  is  one-third  of  that.  The 
earth's  quadrant  is  unconscionably  large.  It  makes  even  apparatus 
of  high  self-induction  have  a  fractional  value  in  terms  of  that 
unit.  For  example,  we  should  have  induction  coils,  etc.,  having 
fractional  values  of  self-induction,  say,  .266  of  a ''  henry."  While 
we  are  selecting  a  practical  unit,  I  think  we  should  take  a  value 
which  will  be  convenient  in  actual  every  day  computation,  so  that 
when  we  are  talking  about  it  in  a  few  years,  we  shall  not  be 
driven  to  using  small  fractions  every  time  we  want  to  express 
ourselves.  I  believe  that  rather  than  blanket  the  entire  universe 
with  a  name,  and  letting  it  settle  itself,  we  should  confine  it  and 
push  that  definition  into  use  as  well  as  we  can.  If  we  do  not 
confine  it,  it  certainly  will  mean  the  present  unit,  which  is  not  a 
practical  unit  at  all.  I  believe  that  in  pushing  this  resolution, 
we  should  make  the  ''henry  "  a  practical  unit  of  say  one  hundreth 
the  value  of  the  present  inconvenient  absolute  standard. 

Mb.  Pbesoott  : — ^I  would  suggest  that  Dr.  Bell  present  that 
in  the  form  of  an  amendment. 

Db.  Bell: — Mr.  President,  I  will  make  that  as  an  amend- 
ment— that  in  passing  this  resolution,  it  is  the  sense  of  the  Insti- 
tute that  this  name  should  be  applied  to  a  practical  unit,  in 
value  one  one-hundredth  of  the  earth's  quadrant. 

The  motion  was  seconded 

Mb.  Cbookbb  : — I  will  suggest  that  this  be  added  as  another 
clause  to  this  resolution  so  that  it  does  not  involve  the  rest  of  it. 
What  is  said  in  the  resolution  is  that  the  name  "  henry  "  should 
be  given  to  the  practical  unit  of  self-induction.  That,  so  far  as 
it  g  »es,  is  all  right. 

I)b.  Bell  : — I  suggest  one  one-hundredth  because  I  think  it 
would  fall  more  conveniently  into  practice.  For  example,  1  believe 
that  the  self-induction  of  the  telephone  instrument  is  somewhere 
about  one  one-hundredth  of  the  quadrant,  and  the  self-induction^ 
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for  ordinary  induction  coils,  for  example,  would  be  half  a  anad- 
rant,  and  values  of  that  sort.     Now,  ii  we  took  one-tenth  of  the 

Practical  unit  which  would  be  a  million  metres,  we  should  still 
ave  fractional  values  for  a  large  number  of  common  instru- 
ments and  common  coils.  It  is  for  that  reason  I  suggested  tak- 
ing a  smaller  figure.  A  thousandth  might  be  practiaS,  although 
it  would  make  numbers  somewhat  larger.  The  one  one-hun- 
dredth seems  to  be  about  the  magnitude  to  make  the  self-induc- 
tion which  we  ordinarily  meet  in  practice,  small  whole  numbers. 

I  am  thoroughly  in  accord  with  Mr.  Crocker's  suggestion  that 
this  simply  be  added  as  a  clause  in  the  original  resolution.  I 
think  it  would  serve  the  purpose  there  as  well  as  anywhere  else, 
because  we  simply  fix  the  name  "  henry  "  and  then  recommend 
the  practical  unit,  so  that  the  two  things  would  naturally  go  to- 
gether. 

Dk.  Wheeler  : — It  seems  to  me  that  the  work  of  selecting 
that  fraction  of  the  unit,  which  would  be  most  convenient  for 
use,  is  committee  work,  and  it  would  be  well  to  accomplish  what 
Dr.  Bell  wants  to  accomplish  by  passing  the  first  part  of  the 
resolution,  and  then  makme  his  resolution  read,  "  And  the  se- 
lection of  this  unit  shall  be  left  to  a  Committee  appointed  by  the 
Chair  to  report  at  the  next  meeting." 

Dr.  Geyer  : — I  think  we  ought  to  do  that.  The  adoption  of 
a  name  is  one  thing.  The  adoption  of  a  magnitude  is  a  very 
much  more  serious  matter,  and  there  are  a  great  many  serious 
considerations  coming  in.  One  one-hundredth  of  the  present 
unit  may  be  a  convenient  quantity  for  some.  For  others,  another 
fraction  may  be  a  more  convenient  quantity,  and  there  are  differ- 
ent views  to  be  taken  of  it,  and  I  think  those  things  ought  notto 
be  hurried. 

The  President  : — It  seems  to  me  also  that  the  unit  as  adopted 
should  harmonize  with  tlie  other  practical  units — the  ohm,  volt, 
ampere  and  so  on,  so  that  in  computation  it  should  not  be  neces- 
sary to  use  a  multiplier  in  connection  with  the  unit  of  self-induc- 
tion. 

Mr.  Crocker  : — That  very  liarmonizing  with  the  units  already 
determined  is  ;jU8t  the  reason  why  the  farad  has  such  an  ungain- 
ly value.  I  think  that  if  the  farad  had  been  made  a  millionth 
of  its  present  value,  in  spite  of  its  not  agreeing  with  the  volt 
and  coulomb,  it  would  have  been  very  much  more  convenient. 
Not  one  man  in  ten  thousand  who  uses  the  micro-farad  knows  or 
cares  whether  it  agrees  with  the  volt  or  th:j  coulomb.  The  farad 
is  simply  that  capacity  which  will  hold  a  coulomb,  at  one  volt 
pressure.  That  requires  an  almost  infinite  condenser.  If  it  had 
been  fixed  at  the  capjicity  which  would  hold  a  thousandth  of  a 
coulomb,  at  a  thousandtli  of  a  volt  pressure,  then  it  would  be 
just  a  microfarad.  I  think  that  in  practical  units,  the  first  thing 
to  do  is  to  have  them  of  convenient  size.  Their  derivation  must 
take  care  of  itself.     Of  course  the  value  must  be  jdefinite*  and 
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we  must  know  what  it  means.  But  it  need  not  be  based  upon  a 
ratio  of  1  to  1.  For  one  time  that  we  have  to  derive  it,  we  have 
to  use  it  a  thousand  times,  perhaps  ten  thousand.  So  that  I 
think  that  practical  units  determined  in  the  future  should 
be  convenient  units,  even  though  they  are  not  derived  from  one 
volt  and  one  ohm.  Let  them  be  derived  from  a  tenth  of  an  ohm 
or  a  volt,  or  a  thousandth,  if  necessary,  to  make  them  convenient. 
This  same  question  will  come  up  very  soon  before  electricians  in 
regard  to  magnetic  units.  It  is  already  coming  up.  It  is  rec- 
ommended by  Mr.  Fleming  to  call  one  nundred  million  C.  G.  S. 
units  of  magnetic  induction ;  that  is  one  hundred  million  lines 
of  force  a  "  gilb."  Now,  one  hundred  million  lines  of  force  is  a 
field  produced  by  ten  thousand  square  centimetres  of  cast-iron 
saturated.  Ten  thousand  square  centimetres  is  one  metre  square; 
that  is,  a  square  metre  of  cast-iron  will  produce  one  "  gilb  "  when  it 
is  saturated.  Now  that  is  too  lar^e  a  unit,  for  the  same  reason 
that  Dr.  Bell  has  already  stated — ^that  every  practical  value  would 
be  a  fraction.  Dr.  Fleming  throws  the  "  gilb  "  aside  and  begins 
right  off  with  the  "  micro-gilb,"  and  then  he  will  probably  get  frac- 
tions of  the  "micro-gilb.  In  fact  he  uses  one-tenth  of  a  "  micro- 
gilb."  Now  that  is  not  a  practical  unit.  I  think  that  the  units 
decided  in  the  future  should  surely  be  made  convenient.  I  would 
suggest  that  the  resolution  be  adopted  as  read,  with  the  additional 
clause  that  a  Committee  be  appointed  to  determine  the  best  and 
most  convenient  practical  value  for  the  "henry." 

Mr.  F.  L.  Pope  : — It  seems  to  me  that  the  ultimate  disposi- 
tion we  ought  to  make  of  this  matter  is  to  refer  it  to  the  Inter- 
national Electrical  Conference,  with  our  recommendation  that  the 
name  "henry"  be  given  to  the  practical  unit  of  self-induction  and 
our  recommendation  of  a  certain  value.  It  does  not  seem  to  me 
that  we  can  settle  this  thing  all  by  ourselves.  The  rest  would 
like  at  least  to  be  consulted  about  it.  I  think  if  it  were  referred 
to  them  in  that  way  there  is  very  little  doubt  they  could  adopt  it. 

Mb.  Crookbk  : — In  regard  to  Mr  Pope's  remarks,  there  is  a 

fjreat  deal  of  force  in  what  he  says,  but  the  language  of  the  reso- 
ution,  I  think,  covers  it.  It  says  "that  in  our  opinion  it  is  pro- 
per that  so  and  so  should  be  done, "  which  is  a  modest  way 
of  putting  it.  Then  "  that  this  Institute  will  gladly  co-operate 
witn  other  bodies  in  this  country  and  abroad  to  secure  its  gene- 
ral adoption. "  If  in  addition  to  this  Mr.  Pope  thinks  we  ought 
to  say  tnat  the  Institute  recommends  to  the  next  International 
Congress  of  electricians  that  this  unit  be  adopted  by  it,  I  see  no 
objection  to  it     Would  you  put  that  in  as  an  amendment  ? 

Mb.  F.  L.  Pope  : — Yes,  I  will  make  that  amendment  and  I 
think  we  can  take  action  on  that  to-night. 

Mr.  Phelps  : — The  matter  before  the  house  now,  as  I  under- 
stand it  is  the  adoption,  of  this  resolution  as  it  stands,  is  it  not  ? 

The  President  : — ^Unless  this  other  motion  is  seconded. 

Mr.  Crocker  : — I  accept  the  amendment. 

Mr.  Phelps: — The  amendment  is  to  what  effect |g^^yQoOQlc 
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This  President: — That  it  be  referred  to  the  International 
Congress  or  whatever  body  may  be  appointed  to  represent  the 
International  matters  in  regard  to  electricity. 

Mb.  Crookeb  : — The  next  International  Congress. 

Mb.  Phelps  : — That  amendment  1  understand  is  accepted  by 
the  mover  of  the  resolution  so  as  to  become  a  part  of  it. 

The  Pbesident: — If  the  seconder  agrees  to  that  it  may  be 
counted  part  of  the  original  resolution,  if  the  house  does  not 
object  to  it. 

Mb.  Phelps  : — Then  I  would  offer  a  further  amendment  that 
a  Committee  of  live  be  appointed  by  the  Chairman  to  consider  a 
proper  magnitude  for  the  unit  *'  henry  "  and  to  make  recommenda- 
tions upon  that  subject  to  the  next  meeting. 

(The  motion  was  seconded.) 

Mb.  Cbookeb: — I  accept  that  amendment. 

The  Pbesident  : — ^Is  there  any  objection  to  its  being  incorpo- 
rated as  part  of  the  original  motion  f  If  not  it  will  be  so  incor- 
porated. The  motion  is  that  we  adopt  this  resolution  which  was 
read  here  in  its  printed  form  with  the  addition  that  we  recommend 
its  adoption  to  the  next  International  Congress  of  Electricians  and 
that  a  Committee  of  five  be  appointed  to  consider  the  best  magni- 
tude for  the  unit  and  to  make  recommendations  and  report  at  the 
next  meeting.  I  believe  we  understand  how  the  resolution  reads. 
Those  in  favor  of  the  resolution  as  stated  please  make  it  manifest 
by  saying  aye — contrary  minds — no.     It  is  carried  unanimously. 

1>&.  Bell  : —Before  taking  an  adjournment  I  would  like  to  ask 
in  behalf  of  the  National  Electric  Light  Association,  for  a  little 
aid  from  the  American  Institute  of  Electrical  Engineers.  I 
chance  to  be  the  Chairman  of  the  Committee  of  the  National 
Electric  Light  Association  to  fix  upon  some  definite  classification 
of  the  lighting  power  of  incandescent  lamps.  In  other  words,  to 
determine  what  we  should  call  a  standard  sixteen  candle  power 
lamp.  A  committee  to  straighten  out  the  nomenclature  of  lamps 
was  appointed  at  the  last  meeting  of  the  National  Electric  Light 
Association,  and  feeling  as  I  do  the  difficulty  of  the  problem  and 
the  necessity  of  having  it  as  thoroughly  considered  as  possible,  I 
would  like  to  ask  the  appointment  of  a  committee  of  three  by  the 
chair  from  this  Institute  to  co-operate  with  the  committee  in  that 
work.     I  offer  the  following : 

Besotved.—ThsX.  a  committee  of  three  be  appointed  to  represent  the  Ameri- 
can Institute  of  Electrical  Engineers,  in  conference  with  a  committee  already 
appointed  by  the  National  £iectric  Light  As<<ociation  to  Ox  upon  a  definite  clas- 
sification of  the  lighting  power  of  incandescent  lamps. 

Me.  Cbooker  : — I  would  question  whether  that  comes  within 
our  jurisdiction.  Xhat  is  purely  a  commercial  question  and  we 
have  never  done  much  in  that  direction.  But  if  the  National 
Electric  Light  Association,  which  is  esp>icially  interested  in  that 
subject,  ask  our  co-operation,  I  certainly  see  no  objection  to  pv- 
ing  it.  But  I  think  we  better  deliberate  before  we  do  go  into 
purely  commercial  questions.  Digitized  by  GoOglc 


1890.]  DI80XT88I0N,  366 

Mr.  Phelps  : — I  wish  to  second  Dr.  Bell's  motion  and  to  say 
that  I  do  not  quite  see  the  force  of  Mr.  Crocker's  point  in  regard 
to  the  irrelevancy  of  that  topic  to  onr  work.  I  ao  not  see  why 
the  Institute  of  Electrical  Engineers  might  not  properly  have  a 
word  to  say  as  to  standards  of  lighting  as  well  as  standards  of  resist- 
ance or  any  other  electrical  matter,  and  as  we  have  the  request  virtu- 
ally from  the  National  Electric  Light  A  ssociation— that  is  to  say  from 
the  Chairman  of  one  of  its  committees — I  think  it  is  but  proper 
that  we  should  lend  a  hand  in  that  work.  Therefore  I  second 
the  motion. 

Db.  Gktkr  : — ^I  think  it  is  not  out  of  our  province  to  help  to 
determine  what  a  sixteen  candle-power  lamp  is,  especially  as  we 
have  been  asked. 

TffE  Seobetabt:  —  One  of  the  difficulties  in  settling  upon 
standards  is  getting  different  bodies  to  unite  upon  them  and  it 
appears  to  me  that  this  is  a  move  in  the  right  direction,  because 
if  the  National  Electric  Light  Association  and  the  American  In- 
stitute of  Electrical  Engineers  work  together  and  settle  this  ques- 
tion, it  will  have  more  weight  than  if  either  one  undertook  it 
separately. 

Mb.  Dobbie  : — It  seems  to  me  that  the  question  would  simply 
resolve  itself  into  a  standard  of  light. 

The  Pbesident  : — Those  in  favor  of  the  resolution  to  appoint 
a  Committee  to  consider  the  classification  of  the  lighting  power 
of  incandcFcent  lamps  will  please  make  it  manifest  by  saying  aye  : 
those  opposed  no.     It  is  carried. 

Mb.  Mabtin  : — Was  that  the  exact  shape  of  the  recommenda- 
tion ?  I  was  present  at  the  meeting  at  Cape  May,  and  I  did  not 
quite  understand  that  to  be  the  shape  of  it.  I  understood  it  to 
mclude  arc-lighting  as  well  as  incandescent.     I  may  be  wrong. 

Db.  Bell  : — The  Committee  was  appointed  to  consider  only 
incandescent  lamps.  Of  course  that  includes  series  incandescent 
lamps  burned  on  arc  circuits.  The  National  Electric  Light  As- 
sociation felt  that  it  was  undertaking  quite  too  severe  a  task  to 
straighten  out  the  arc-lamps  before  disposing  of  the  incandes- 
cent. 

The  PBEsroENT : — How  is  this  committee  to  be  appointed  ? 

Sevebal  Memeebs  : — Bv  the  chair. 

The  PKEsroENT:— Then'if  you  will  allow  me,  I  will  appoint 
on  the  Incandescent  Lamp  Committee,  Dr.  Nichols,  Dr.  Duncan 
and  Mr.  Howell,  and  on  the  Committee  for  the  consideration  of 
the  value  of  the  "  henry,"  Mr.  Crocker.  Dr.  Geyer,  Dr.  Bell.  Mr. 
Colby,  and  Mr.  Phelps.     Is  there  any  further  business  ? 

On  motion  of  Mr.  Phelps  the  meeting  adjourned. 
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Special  Mbeting,  Octtobeb  21  st,  1890. 

The  meeting  was  called  to  order  by  President  Anthony  at 
8.20  P.M. 

The  Secretary  read  the  names  of  the  newly  elected  associate 
members. 

The  Secretary: — The  next  business  is  the  report  of  the  Com- 
mittee to  determine  the  value  of  the  "  henry  " ;  and  the  revision  of 
the  preliminary  report  of  the  wiring  table  committee  is  also  to  be 
acted  upon. 

Mr.  Francis  B.  Crocker: — I  can  report  for  both  committees. 
As  I  said  at  the  last  meeting,  the  reference  of  these  matters  to 
committees  would  probably  involve  a  delay  of  several  months. 
I  have  tried  to  have  several  meetings,  without  very  much  success, 
but  we  have  about  half  done  the  work,  I  should  say,  and  probably 
by  next  meeting  we  will  be  able  to  report  the  result  in  finished 
form.  The  question  of  the  value  of  the  "  henry  "  is  rather  an  im- 
portant one,  and  if  we  are  going  to  recommend  a  value  differ 
ent  from  that  of  the  quadrant  we  want  to  be  perfectly  sure  that 
we  are  right  and  that  it  will  fit  the  requirements  of  practice. 
So  I  report  progress  for  both  committees. 

The  President  :  (Prof.  W.  A.  Anthony) — The  first  paper  for 
the  evening  will  be  on  "  Investigation  of  the  Stanley  Alternate 
Current  Arc  Dynamo,"  by  W.  B.  Tobey  and  G.  H.  W  albridge. 
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investigation  of  the  stanley  alternate 
gur]^e:nt  arc  dynamo. 


BY    W.   B.    TOBET   AKD   G.    H.    WALBBIDGE. 


Before  entering  directly  upon  the  subject  to  be  presented  this 
evening,  L  e.^  the  investigation  of  the  Stanley  alternate  current 
arc  dynamo,  it  may  be  well  to  give  a  brief  description  of  that 
new  and  extremely  novel  type  of  machine.  Description^  of  it 
have  been  given  in  some  of  the  electrical  papers  during  the  past 
spring,  but  some  here  may  not  recall  its  general  mechanical  con- 
struction. The  dynamo  is  manufactured  and  sold  by  the  West- 
inghouse  Electric  Company  under  patents  granted  to  Mr.  Wm. 
Stanley,  Jr.,  the  inventor.  Mr.  Albert  Schmid,  superintendent 
of  the  Westinghouse  Electric  Company's  shops,  deserves  much 
credit  for  perfecting  the  machine  in  detail,  and  to  him  is  largely 
due  its  success  commercially*  In  general  appearance  it  closely 
resembles  the  Westinghouse  alternate  current  constant  potential 
dynamo,  which  has  become  so  familiar  to  all.  In  fact,  the  frame, 
pole  pieces,  field  windings,  etc.,  for  any  given  size  machine  are 
identical,  whether  for  constant  current  or  constant  potential. 
The  distinguishing  feature  between  them  lies  wholly  in  the  form 
and  winding  of  the  armatures.  Figs.  12  and  13,  showing  dia- 
grammatically  half  sections  of  the  machine,  will  aid  us  in  a  de- 
scription of  the  armature,  which  is  built  up  of  thin  iron  plates 
stamped  in  the  form  shown.  It  will  be  observed  that  a  number 
of  cores  corresponding  to  the  number  of  poles  of  the  dynamo 
projecJt  radially  from  the  armature,  and  from  the  sides  of  each 
core  project  overlapping  lugs.  The  armature  coils  are  not  of  the 
original  "  pancakcj"  or  oblong  flat  coil  type,  placed  on  the  peri- 
phery of  the  armature,  but  are  quite  thick  and  placed  around  the 
core  projections.     The  overlapping  lugs  serve  the  double  pur- 
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pose  of  preventing  the  coilB  from  slipping  off  the  cores  and  also 
aid  in  the  regulation  of  the  machine.  All  the  armature  coils  are 
connected  in  series  and  the  terminals  connected  to  the  two  col- 
lector rings,  upon  which  bear  the  brushes  furnishing  current  to 
the  line.  The  field  coils  are  also  in  series,  so  connected  that  the 
poles  presented  to  the  armature  are  of  .alternate  polarity. 
The  terminals  of  the  field  go  directly  to  a  small  shunt  wound 
exciter.  Thus  it  is  seen  that  the  machine  consists  simply  of  an 
even  number  of  field  coils,  corresponding  to  the  number  of  poles 
on  the  machine,  joined  in  series,  and  an  equal  number  of  arma- 
ture coils  also  joined  in  series.  That  from  such  a  simple  combi- 
nation of  coils  without  any  external  regulating  device,  an  almost 
constant  current  is  obtained  for  all  loads,  from  short  circuit  to 


JV*  i.-DIAGRAM  OF  CONNECTIONS. 
A,  A,  A.  Ammeters  I  Vi  Voltmeter. 

the  maximum  output  of  the  machine,  seems  incredible,  but  such 
is  the  case. 

Through  the  kindness  of  Mr.  Stanley,  a  complete  40-light 
plant  was  sent  the  writers  at  Cornell  University,  at  which 
institution  we  were  then  students.  Later,  the  Westinghouse 
Company  made  the  University  a  gift  of  the  entire  plant.  It  has 
been  our  aim  to  show  how  the  regulation  takes  place;  also  to  de- 
termine the  actual  electrical  output  of  the  machine,  and  from 
the  later  and  the  corresponding  dynamometer  readings,  to  calcu- 
late the  efficiency  of  the  dynamo. 

The  alternator  was  mounted  on  a  Brackett  cradle  dynamometer 
calibrated  to  read  in  watts  direct  at  1000  revolutions,  the  speed 
at  which  we  were  running. 
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The  general  method  has  been  to  obtain  instantaneons  values  of 
E.  H.  F.,  arc  and  exciter  currents  at  a  sufficient  number  of  points 
to  indicate  by  curves  the  performance  of  the  dynamo  at  every 
part  of  a  revolution.  For  this  purpose  runs  were  taken  with,  the 
dynamo  at  short  circuit  and  with  loads  of  6,  10,  etc.,  up  to  40 
lamps.  The  dynamo  was  run  under  normal  conditions,  viz  ,  at  a 
speed  of  lOoO  revolutions  and  with  such  excitation  as  to  cause  an 
output  of  approximately  10  amperes.  For  obtaining  values  of  b. 
M.  F.  at  low  loads,  pressure  wires  were  run  from  the  terminals  of 
the  dynamo  and  for  larger  loads  were  taken  from  around  10 
lamps.  At  all  points  where  instantaneous  values  of  e.  m.  f.  were 
taken,  corresponding  values  of  arc  and  field,  or  exciter  currents 
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were  obtained  by  *•'  fall  of  potential "  method.  Pressure  wires 
were  brought  from  the  terminals  of  each  of  two  non-inductive  re- 
sistances of  german  silver  wire  placed  in  arc  and  field  circuits. 
(See  Fig.  1.)  These  resistances  being  constant,  any  pressure 
around  the  terminals  corresponded  to  a  certain  current.  The 
terminals  of  the  three  pairs  of  pressure  wires  were  connected  to 
the  contacts  of  the  triple-throw  switch,  so  that  by  placing  the 
switch  on  any  pair  of  contacts  desired,  those  terminals  could  be 
put  in  circuit  with  a  line  in  which  was  a  condenser  and  the  re- 
volving contact  or  commutating  device  by  means  of  which  the 
condenser  was  charged.  The  revolving  contact  used  was  similar 
to  the  one  described  in  detail  by  Prof.  Ryan  in  his  paper  on 
"  Transformers,"  read  before  the  Institute  last  December.^     It 

1.   ^K^   TkAKSACTIONB     of    the    AMSBICAN    brSTITUTB    OF   ELECTRICAL 

EHOiiiiaBs.  Vol.  yU.,  p.  1.  ^.^.^^^^^  ^^  Google 
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consiate  essentiallj'  of  a  knife-edge  of  steel  fastened  by  a  wooden 
clamp  to  the  collector  end  of  the  armature,  and  revolving  with  it 
through  a  circle  of  about  eight  inches  diameter.  The  centre  of 
the  knife-edge  was  in  line  with  the  centre  of  one  of  the  armature 
coils.  Upon  a  frame  at  the  same  end  of  the  armature  was  held 
a  wooden  semi-circle,  upon  the  periphery  of  which  was  a  paper 
scale,  divided  to  millimeters.  At  the  centre  of  the  semi-circle 
was  pivoted  an  arm  carrying  a  brushholder  in  which  was  a  steel 
spring.  The  brushholder  was  so  adjusted  that  the  revolving 
knife  edge  made  contact  with  the  spring  several  times  per  second. 
The  arm  carrying  this  spring  could  be  clamped  wherever  desired, 


Fig,  3. 

and  its  position  designated  by  means  of  a  pointer  over  the  scale- 
Thus,  the  condenser,  placed  in  series,  could  be  brought  to  the 
same  difference  of  potential  that  existed  between  the  spring  and 
the  knife-edge.  The  arc  circuit  was,  as  shown  by  the  diagram 
of  connections.  Fig.  1,  taken  from  one  brush  directly  to  a  West- 
inghouse  ammeter  through  a  switch,  by  means  of  which  a  Thom- 
son balance,  or  gravity  ammeter  could  be  put  in  circuit  when 
desired.  From  the  Westinghouse  ammeter  the  current  was  ta- 
ken through  the  non-inductive  resistance  to  the  dynamo  short 
circuiting  switch,  where  the  other  terminal  of  the  machine  was 
directly  connected.  The  exciter  current  was  measured  by  a  Ryan 
gravity   ammeter,   and  a  Hartmann  and  Braun  type  voltmeter 

a.  Much  trouble  experienced  by  other  investigators  in  this  line,  due  to  break- 
ing of  the  spring,  was  entirely  obviated  by  us  by  putting  a  piece  of  thin  rubber 
packing  above  the  spring  where  it  was  clamped  in  the  brushholder.         , 

Digitized  by  VjOOQIC 


1890.] 


STANLEY  ALTSRNATB  ARC  DYNAMO. 


B71 


indicated  the  potential  around  the  terminals  of  the  field.  The 
arm  of  the  commutatinjf  device  being  clamped  at  some  desired 
position,  the  spring  was  adjusted  so  that  the  revolving  knife-edge 
made  contact,  then  the  switch  was  thrown  on  any  one  of  the  three 
pairs  of  terminals,  for  the  circuits  of  which  we  wished  to  obtain 
instantaneous  values.  The  half  microfarad  condenser  was  so 
connected  that  by  closing  a  key  it  would  be  charged^  Opening 
this  key  and  closing  one  in  circuit  with  the  galvanometer,  sent 
the  charge  through  the  galvanometer  and  the  throw  was  noted. 
The  galvanometer  used  was  5000  ohms  resistance,  and  con- 
sisted of  the  coil  of  a  Sir  Wm.  Thomson  marine  galvanometer,  in 
which  was  suspended  a  small,  concave  mirror,  having  several 
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very  small  magnets  constituting  the  needle,  fastened  on  the  back. 
The  controller  was  a  large  horse-shoe  magnet.  A  simple  wooden 
frame  supported  the  coil.  A  narrow  slit  in  a  screen,  behind 
which  stood  an  incandescent  lamp,  allowed  an  image  of  part  of 
the  filament  to  fall  on  the  galvanometer  mirror  and  be  reflected 
.  back  to  the  screen,  on  which  was  a  graduated  scale.  By  placing 
a  resistance  box  in  shunt  around  the  galvanometer,  the  throw  of 
the  needle  was  reduced  when  it  was  desired  to  read  the  arc  e.  m.  f. 
When  current  readings  were  taken,  the  whole  charge  of  the  con- 
denser was  passed  through  the  galvanometer.  The  galvanometer 
was  calibrated  for  e.  m.  f.  by  putting  the  condenser  and  a  stand- 
ard potential  instrument  in  multiple  around  the  terminals  of  a 
storage  battery  giving  about  120  volts.  Readings  were  then  taken 
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of  the  voltage,  and  the  corresponding  throw  of  the  needle  was 
noted.  The  calibrations  of  currents  were  made  by  running  the 
exciter  alone  and  passing  the  current  through  both  of  the  non- 
inductive  resistances,  determining  its  amount  by  an  ammeter, 
and  observing  the  corresponding  throw  of  the  galvanometer 
needle  for  each  non  inductive  resistance. 

So  much  for  a  description  of  the  dynamo,  the  instruments  and 
the  methods  used.  We  now  come  to  that  which  is  of  most  inter- 
est, viz.,  the  results  obtained.  In  order  that  the  /jurves  may  be 
more  easily  followed  we  will  give  a  brief  general  explanation  of 
them. 

The  figures  on  the  zero  line,  always  commencing  with  5,  cor- 
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respond  to  the  divisions  on  the  scale  of  the  wooden  semi-circle,  a 
part  of  the  commutating  device.  Under  each  plate  of  curves  will 
be  seen  two  rectangular  figures,  representing  pole  pieces,  which 
show  the  relative  position  of  the  curves  with  respect  to  the  poles. 
From  each  curve  projects  a  vertical  arrow,  always  equal  to  one  or 
two  divisions,  and  its  value  marked  near  it.  In  all  curves  the 
direction  or  motion  of  the  armature  relatively  to  the  poles  is  from 
left  to  right. 

Fig.  2  represents  the  performance  of  the  machine  at  short  cir- 
cuit. The  curves  of  e.  m.  f.  and  current  both  approach  sine 
curves ;  the  current  rising  almost  in  unison  with  the  e.  m.  f., 
there  being  no  perceptible  lag.     The  curve  of  exciter  current  in 
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this,  as  in  all  cases,  exhibits  a  wavy  form.  Fig.  12  shows  the 
position  of  the  armatare  relatively  to  the  poles  when  the  e.  m.  f. 
is  zero  and  the  machine  running  on  short  circuit. 

Fig.  4,  representing  the  curves  for  a  load  of  five  arc  lamps, 
shows  a  radical  change  in  the  e.  m.  f.,  which  now  approaches 
more  nearly  to  the  form  of  a  rectangle  than  a  sine  curve,  and  im- 
mediately after  passing  the  zeros  exhibits  very  sharp  peaks.  In 
this  case  the  current  continues  to  rise  after  the  e.  m.  f.  has  begun 
to  fall,  and  also  lags  slightly  with  respect  to^  it..  A  shifting  of 
the  zeros  has  also  taken  place.  Comparing  this  e.  m.  f.  curve 
with  that  for  short  circuit  it  is  seen  that  the  first  zero  shown 
occurs  at  about  6.35  instead  of  6.85.    The  curves  for  all  loads  of 
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arc  lamps  are  quite  similar  in  form,  as  will  be  seen  by  referring 
to  Figs.  5,  6,  7  and  8.  As  the  load  is  increased,  however,  the 
zeros  occur  earlier  with  respect  to  the  poles,  and  the  current  lag 
increases  slightly.  The  efficiency  curve,  Fig.  9,  tells  the  story  of 
the  dynamo  from  a  commercial  point  of  view,  reaching  as  it  does 
an  efficiency  of  between  93  per  cent,  and  94  per  cent,  at  full  load 
while  at  half  load  it  is  92  per  cent.  , 

A  most  interesting  set  of  curves  is  shown  in  Fig.  10,  giving  a 
comparison  of  the  forms  and  values  of  e.  m.  f.  for  40,  30;  30,  and 
10  lamps,  their  position  with  respect  to  the  poles,  and  also  the 
position  of  the  zeros  of  e  m.  f.  at  short  circuif. 

Figs.  13  and  12  show  respectively  the  positions  of  the  arma- 
ture relatively  to  the  poles  for  full  load  and  short  circuit. 
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An  apparently  remarkable  feature  of  the  machine  is  that  it 
may  be  short  circuited  when  running  at  full  load,  without  the 
slightest  injury,  and  it  may  be  run  at  short  circuit  indefinitely. 


9| 

N 

s. 

^ 

n 

1      '      1 

■- 

^~' 

1         L_     J     1 

^ 

iM^ 

'      i 

1 

' 

■ 

H  ?T^ 

'V  ',       1 

j»*— ^  1 

A    i 

/ 

1 

N 

s 

f 

a    J\   JfJ^W. 

]^\  1    !  ■/ 

nJ 

/ 

f    ZJ^ 

^Ml    / 

i^«— j 

\ ' 

' 

1 

J^'    JT^p-^ 

\   1^  18  1)   1 

JO 

fk     7     8     riOuili^ 

M*' 

r 

*? 

1-  1 
8  — 

^          30  LAMPS. 
1.  A.  C.  dynamo  6.  m.f. 
II.  ••    ••         "     current. 
11. watts. 

\ 

j  r 

1 

-- 

1 

/I 

1   1 

_]/:    :    1 

\\ 

V.  E 

Kcn 

er  current. 

I 

1 

i     ! 

L 

\  i"  " 
1  1 

\ 

^ 

9"^ 

.-^^ 

7 

\ 

1 

/ 

\^ 

W 

.r 

7 
8  — 

1 

b/ 

A-    / 

■ 

_   _L  . 

P^ 

i_ 

1 i 

\L 

L_ 

.. 

Fia.7. 

That  the  machine  regulates  with  great  rapidity  is  proven  by  the 
fact  that  upon  short  circuiting  it,  the  ammeter  indicates  but  a 
slight  increase  of  current.  The  peculiar  form  of  the  e.  m.  f. 
curve  for  arc  lamps  led  us,  so  far  as  time  would  permit,  to  an  in- 
vestigation of  the  cause,  to  ascertain  which  the  following  runs 
were  taken : 


9r— 

5 

75 

^ 

\ 

r 

^ 

-)6  ^ 

r/3K§ 

V 

/ 

7 

e— 

5  — 
4  — 

11 

) 

fS" 

/ 

r 

71  ri 

"^ 

- 

— 

■- 

r 

i 

^ 

^ 

S 

\ 

// 

>lft 

b 

\ 

i 

^ 

w^ 

h 

S 

8 

II 

'M 

Sr^ 

L\  1! 

I 

vl 

^ 

Nt^ 

f 

«s^ 

, 

f 

rr.  ,, 

.li&j/r 

)_X 

7  \ 

\  1 

9  8 

1 « 

vi 

V 

%  > 

} 

\Jt         40  LAMPS.  ' 
~J  1.  A.  C.  dynamo  e.  m.  f. 

«r^ 

\ 

'  i 

5 

> 

/ 

2-Jll,  ..   n         „     current. 

1 

\ 

- 

I 

8 -fill.  "    "        «■     watts. 
4-iiy.  Exciter  current. 

I 

\ 

/   1 

\ 

.^ 

uU 

i    1    : 

s 

\ 

\ 

^^-^^ 

\ 

6  — 

Y\ 

\ 

\l 

V 

/ 

\l 

7 

\. 

^ 

\ 

/ 

1 

8 

_J 

_ 

__ 

1 1 





u 



!_ 

M  1 



i 



Fig.  8, 


First,  with  a  non-inductive  resistance  of  five  large  incandes- 
cent lamps,  but  no  arcs  in  circuit;  each  lamp  consuming  about 
the  same  amount  of  energy  as  an  arc  lamp.     Second,  with  noth 
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ing  bat  an  inductive  resistance,  consisting  of  a  solenoid  having 
440  turns  of  No.  10  wire.  The  curves  in  both  cases  were  similar 
and  approached  sine  curves,  proving  the  rectangular  form  to  be 
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due  entirely  to  the  action  of  the  arc.  Fig.  3  shows  the  curves 
obtained  from  the  load  of  incandescent  lamps.  To  more  fully 
determine  this  action  with  no  other  resistance  in  circuit,  an 
arrangement  was  made  wliereby  an  arc  could  be  regulated  l^ 
baud  with  the  aid  of  a  hot  wire  voltmeter.  "We  took  no  curve 
for  a  single  lamp  under  normal  conditions  with  which  to  compare 
the  one  taken  in  the  above  manner;  but  the  latter  (see  Fig.  11) 
has  very  high  and  abrupt  elevations  of  k.  m.  f.  immediately  be- 
fore and  after  passing  the  zeros.     The  theory  advanced  to  explain 
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CURVES  OF  E.  M.F. 
I.  401am pt. 

n.  30    " 
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IV.  10      '' 

A,  A.  zeros  at  short  circuit. 
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Fig,  10. 

the  high  point  of  e.  m.  f.  in  all  the  arc  carves  is,  that  when  the 
arc  breaks,  the  rush  of  cold  air  adding  resistance  to  the  circuit, 
prevents  the  arc  forming  again  until  the  potential  has  risep  to  a 
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point  considerably  higher  than  that  required  to  maintain  an  arc 
once  formed.  To  test  thiB  we  attempted  to  heat  an  arc  by 
means  of  an  alcohol  blast,  and  thus  prevent,  in  a  measure,  the 
rush  of  cold  air.  This  means  of  heating  proved  inadequate,  so 
that  the  results  were  not  all  that  could  be  desired.  As  before 
stated,  we  had  no  one-lamp  curve  with  which  to  compare  it,  but 
as  compared  with  the  one  lamp  regulated  by  hand,  the  sharp 
comers  of  s.  m.  f.  were  much  modified.  It  is  not  certain,  how- 
ever, whether  this  was  due  to  the  action  of  the  lamp  regulating 
coils,  or  to  the  action  of  the  flame.  The  current  curve  in  all  cases 
approaches  a  sine  curve  in  form,  but  is  always  slightly  steeper  on 
the  left  or  front  side ;  direction  of  rotation  being  from  left  to 
right.  Although  the  current  lag  is  practically  nothing  at  short  cir- 
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cuit,  or  for  any  load  except  arc  lamps,  it  increases  slowly  as  arc 
lamps  are  added.  For  40  lamps  it  is  about  4^  per  cent,  of  the 
time  of  an  alternation.  The  wavy  form  of  the  exciter  current  is 
probably  caused  by  the  variable  resistance  of  the  magnetic  cir- 
cuit, due  to  the  projecting  cores  and  lugs  of  the  armature  as  they 
approach  and  recede  from  the  poles.  The  values  of  e.  m.  f.  and 
current  were  found  by  taking  the  square  root  of  the  mean  square 
of  36  ordinates  of  a  curve,  representing  a  complete  circle.  Al- 
though the  current  lag  was  very  small,  the  product  of  the  values 
of  current  and  e.  m.  f.  obtained  as  above  did  not  give  the  watts. 
The  watts  were  obtained  by  plotting  a  curve,  the  points  of  which 
were  the  products  of  the  instantaneous  values  of  e.  m.  f.  and 
current ;  then  integrating  by  a  planimeter.     Dividing  the  value 
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of  the  watts  thus  obtained  by  the  current,  we  obtained  a  value  of 
the  E.  M.  F.  which  was  usually  about  seven  volts  lower  per  lamp 
than  the  corresponding  value  obtained  from  the  square  root  of 


the  mean  square.  This  difference  was  no  doubt  due  to  the  ex- 
tremely high  values  of  the  b.  m.  f.  when  the  current  was  very 
low,  as  the  negative  work  was  negligible.  To  distinguish  be- 
tween the  two  values  we  have  called  the  one  obtained  from  the 
square  root  of  the  mean  square,  the  "actual"  b.  m.  f.  while  the 
one  obtained  by  the  second  method  has  been  called  the  "  effec- 
tive" B.  M.  f.,  it  alone  being  effective  in  doing  work  on  the 
circuit. 

It  is  very  much  of  a  question  in  onr  minds  as  to  whether  the 
square  root  of  the  mean  square,  obtained  from  the  rectangular  e. 
M.  F.  curves  for  arc  lamps,  gives  the  actual  e.  m.  f.,  but  for  the 


lack  of  a  better  term,  the  values  thus  obtained  have  been  called 
the  actual  e.  h.  f's. 
For  Ewc  current  values  we  have  assumed  the  square  root  of  the 
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mean  square  to  be  correct,  and  if  not  actually  the  case,  they  are 
certainly  very  close  approximations,  as  the  current  curves  are 
practically  sine  curves.  The  exact  values  of  e.  m.  f.  or  current 
are  of  little  consequence,  however,  except  as  a  matter  of  interest, 
since  the  electrical  output  in  watts  is  known,  this  alone  being  re- 
quired to  determine  the  efficiency. 

In  conclusion  we  can  simply  state  that  our  investigations  have 
shown,  that  the  dynamo,  aside  from  being  very  efficient  and  of 
most  excellent  regulation,  is,  as  stated  at  the  beginning,  an  ex- 
tremely novel  and  interesting  type  of  machine. 

Tablb  of  Data. 


I'S 

a 

I*S 

p* 

(>>    . 

1® 

i^ 

1  o 

08     OJ 

^-i 

d 

ts 

►k 

It 

3    - 

is 

Watts 
excitatio 

Mean  watt 
dynamome 

> 

^        1  >  ' 

Short  Circuit. 

8.58 

9.78 

85 

155 

1780 

Slncandescent. 

289. 

57.8 

10.3? 

59.8 

3060 

158 

8900 

75.8jf 

5  Arc. 

285. 

57.     ;       if.98 

50. 

2500 

165 

8584 

66.6^ 

10  Arc. 

10.7 

53.3 

6700 

190 

6680 

88.5$ 

20  Arc. 

1100 

55. 

10.36 

48.3 

10000 

190 

10680 

92.3JJ 

80  Arc. 

204 

12120 

40  Arc. 

9.82 

41. 

16000 

240 

16950 

98.3$ 

1  pr.  carbons. 

42 

42. 

8.86 

35.5 

814 

The  Pkesident  : — As  the'  paper  of  Mr.  Keid  applies  in  the 
same  direction,  that  will  be  read  before  discussion  is  called  for. 
The  next  paper  will  then  be  "  A  New  Method  of  Analyzing 
Armature  Keactions,  applied  to  the  Stanley  Arc  Light  Altema 
ting  Current  Machine." 
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NEW  METHOD  OF  ANALYZING  THE  MAGNETIC 
RfiAOTIONS    OF   ARMA.TURES  APPLIED  TO 
THE    STANLEY  AKC-LIGHT    ALTER- 
NATING CURRENT  MACHINE. 


BY   THORBITRN   BEID. 


This  analysis  is  a  result  of  looking  at  an  old  and  well-known 
phenemenon  from  a  new  point  of  view,  and  is  merely  a  develop- 
ment of  the  principle  of  the  magnetic  circuit  a  little  fiirther  than 
has  heretofore  been  usual.  Hopkinson,  I  find,  has  used  much  the 
same  method  in  his  analysis  of  the  transformer,  and  seems  vaguely 
to  have  foreseen  its  application  to  dynamos ;  if  I  may  judge  from 
a  part  of  a  sentence  which  I  ran  across  in  one  of  his  articles  a  few 
days  ago,  this  same  principle  has  been  discussed  at  some  length  in 
the  English  electrical  journals  lately,  but  I  am  not  aware  that  any 
analysis  has  been  attempted  by  means  of  it. 

By  this  conception  dynamos  are  considered  to  consist  of  a  mag- 
netic circuit  composed  partly  of  iron  (or  steel)  and  partly  of  air, 
one  part  being  at  rest  and  the  other  in  motion  (generally  rotary). 
Magnetism  is  induced  in  this  circuit  by  means  of  two  or  more 
coils  of  wire  carrying  an  electric  current,  wound  aroimd  some 
part  or  parts  of  the  circuit.  One  or  more  coils  may  be  wound  on 
the  fixed  part  of  the  circuit  and  one  or  more  on  the  moving  part, 
and  the  magnetism  induced  will  be  that  due  to  the  sum  of  all  the 
magneto-motive  forces  in  all  the  coils,  divided  by  the  sum  of  •  all 
the  magnetic  resistances.  The  magneto-motive  forces  in  the  fixed 
•coils  are  generally  approximately  constant,  except  where  they  are 
varied  for  purposes  of  regulation.  In  the  movable  coils,  however, 
the  M.  M.  F.  is  generally  variable.  In  direct  current  machines  its 
effect  on  the  total  fiux  around  the  magnetic  circuit  is  also  almost 
inappreciable,  chiefly  for  the  reason  that  it  acts  almost  at  right 
angles  to  the  magnetic  circuit.     In  alternating  current  machines, 
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however,  it  is  qnite  considerable,  and  is  generally  taken  into 
acconnt,  but  attributed  to  the  self-induction  of  the  armature.  The 
connection  between  the  counter  m.  m.  f.j  as  it  may  be  called,  of 
the  armature  and  its  self -induction  will  be  brought  out  more  fully 
in  a  subsequent  part  of  this  paper. 

To  simplify  our  conceptions  we  will  assume  a  two  pole  dynamo 
with  one  coil  on  the  armature,  as  shown  in  Fig.  1.    Referring  to 
the  diagram,  Fig.  2, 
Let  ON  =  iV^,*  represent  the  magnetic  induction  through  the  arma- 

ture  due  to  the  field  in  magnitude  and  direction. 

Let  oc'  represent  the  position  of  the  armature  coil  at  that  instant. 
Let  OA  =  -4,  at  right  angles  to  oc',  represent  the  magnetic  induc- 
tion due  to  the  armature  coil  at  that  instant. 


"Fi^  1. 


Let  pp,  at  right  an^s  to  the  field  lines,  be  the  neutral  line. 
Let  poo'  =  tf  be  the  angle  through  which  the  coil  has  moved 
from  its  neutral  position. 

By  completing  the  parallelogram,  and  thus  compounding  the 
two  magnetizations  iV^and  A^  we  obtain  M:=z  or  as  the  resultant 
magnetic  induction  through  the  armature  coil  in  amount  and 
direction  at  that  instant,  and  qq',  at  right  angles  to  or,  as  the 
neutral  line  with  reference  to  this  resultant  magnetization.  Then 
Qoo  (=  <j)  is  the  angle  through  which  the  coil  has  turned  from 
this  new  neutral  line. 

Let  the  angle  nob  (=  ora)  =  a.  We  are  to  deduce  the  value  of 
M  from  the  known  quantities  iT,  yl^and  the  angle  0.  In  the  tri- 
angle ROA,  Ro  is  perpendicular  to  oq  and  oa  is  perpendicular  to 
oo;  therefore  the  angle  liSI  =-  qoo  -  a.         ,,„,,,  ,^  QoOgle 
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Also  OA.  is  perpendicular  to  oc  and  ab  is  perpendicular  to  op  ; 
therefore  oab  —  cop  —  180^  —  0.         ^ 
From  trigonometry  we  have : — 

M  V_ J_. 

sin  (180^  —  #;""sin  a    sin  a  ' 
or 

M  N  A 


sin  d  sin  a  sin  {0 — a)  (I) 

therefore 

N  sin  {d  —  <t)  =-  J.  sin  a. 
Expanding  sin  {0  —  a),  dividing  by  cos  a  and  solving  for  tan  <y,  we 
have 


tan  rr  =^j^^ 3— — j-  (2) 

iTcos  0-^A  ^  ^ 


whence  by  trigonometry 


Nco^O  +  A  ,„. 

COS  (J  =  ' (3) 


V'N^'  +  2  J.  iTcos  d'\-A 


2 


iVsin^  ,.. 

V'  N'^  +  'l  A  NQo%d  +  A'  ^ 

Tlierefore  from  equation  (1) 

M-  i\r  JE__  /  N'^  +  ^A  Nqo^O  +  A^  (5) 

This  last  expression  gives  us  the  actual  valu^  of  the  induction 
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through  the  annatiire  coil  at  that  instant  in  terms  of  the  field 
strength,  the  armature  strength  and  the  angle  0  through  which 
the  coil  has  been  turned  from  the  position  perpendicular  to  the 
field  lines.  The  direction  of  this  resultant  magnetization  is  along 
OR,  and  the  neutral  line  has  been  shifted  from  op  to  oq  and  the 
number  of  lines  actually  passing  through  the  coils  is  JTcos  a. 

From  equations  (3)  and  (5)  we  obtain  Jf  cos  ^  =  iTcos  ^  +  a. 

The  B.  M.  F.  at  any  instant  is  then 

-~4l\sN«.ly-+SA\'  (6) 

where  S  is  the  number  of  turns  in  the  coil ;  t  is  the  time  which 
has  elapsed  since  the  coil  passed  the  position  op,  and  T  is  the  time 
of  one  revolution. 
Therefore 

^=— ^^sm^-^^^  (7) 

The  armature  magnetization,  A  depends  on  the  number  of  turns 
in  the  coil,  on  the  current  fiowing  through  it,  and  on  the  mag- 
netic resistance  offered  to  its  lines  of  force ;  or 

A^^  (8) 

P 
where  p  to  the  magnetic  resistance,  and  i  the  instantaneous  value 
of  the  current. 

Letting    —  —  Z,  dividing  through  by  7?  the  resistance  in  the 
r 
main  circuit,  and  collecting  the  terms,  we  have 

di    ,    R  .      2  7:  S  N  .    ^       t  ,ox 

Let 

2n8N        2n  R       _ 

and  we  have 

-^ — J-  5  i  =  a  sin  jp^  (10) 

a  differential  equation  which  must  be  integrated. 
The  equation  may  reduced  to  the  following  form 

i  =  e  la Avipt  e     dt  (11) 

which  may  be  integrated  by  parts  thus 


^ 


—htrht 
—  ^      Je    sin  ^^rf^pigi,^^,,y  Google 
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bt 
Let  u  —  sin  jp^  and  ^  —  ^    dt ;   then   du  ^^  jp  cos  pt  dt  and 

v^-j-^e        ju  (fo  —  —  6   sin  pt  — j  j-e  p  cos  pt  dt ; 

i  =*  ^sin^< —  ^e      le    cospt  dt. 

U 
Let  t^  =  cos  ^^,  and  dv  =  e     dt ;  then  dAi p  sin  pt  dty 

1    J^  x>  I       J^  p^      bt 

and  t;  —  ~-j£    Ju  dA)  =-^  ^     cos  pt  -\-j-—e     p  sin  pt  dt; 
therefore  «  ="  -^  sin  pt  —  ^  cos^^  —  ^  ^  /  ^'^ 

. ^ (__L_  .  -^  I 

Let  tan~*    f  "^  ^      Then  substituting  for  a,  ft  and  ^  their  values 
we  have 

I  =    ,  =  sin  (8  —  <p)  (12) 

where  f  is  the  angle  of  a  lag,  or  the  angle  by  which  the  effective 
£.  M.  F.  lags  behind  the  impressed  e.  m.  f. 

This  is  the  instantaneous  value  of  the  current  at  any  instant. 
Since  the  average  value  of  the  square  of  the  sine  of  any  angle 
is  ^,  we  have,  calling  C  the  square  root  of  the  average  square  of 
the  current : 

12  -/gjy 

You  will  no  doubt  have  already  recognized  this  equation  as  the 
ordinary  equation  of  the  alternating  current  dynamo,  when  the 
self-mduct/ion  of  the  armoit/u/re  coUs  is  taken  into  acoounty  This 
analysis  so  far  has  taken  no  account  of  the  self-induction  in  the 
ai*mature  coil.  There  has,  however,  been  introduced  into  tlie  dis- 
cussion a  factor  not  generally  treated  in  this  connection,  namely, 
the  counter  m.  m.  f.  of  the  coil.  This  factor  occurs  in  the  equation 
as  the  expression  for  which  I  have  used  the  letter  Z.    Z  is  ordi- 
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narily  used  to  denote  the  co-eflSdent  of  self-induction,  and  I  chose 
it  for  that  very  reason.  The  connecting-link  is  shown  by  the  value 

given  to  Z  in  our  equation ;  namely  — . 

We  shall  now  show  that  Z,  the  co-efficient  of  self-induction  of 
a  coil,  is  equal  to  the  square  of  the  number  of  turns  in  the  coil, 
divided  by  the  magnetic  resistance  of  the  circuit,  through  which 
the  lines  of  force  of  the  current  flowing  in  the  coil  must  travel. 
There  are  several  ways  of  getting  at  a  definition  of  Zand  perhaps 
the  simplest  is  the  following : 

The  counter  e.  m.  p.  of  self-induction  of  a  coil,  in  which  a  vary- 

ing  current  is  flowing,  is  Z-^  where  -=-  is  the  rate  of  change 

at  at 

of  the  current  at  the  instant  considered ;  or,  more  simply,  if  the 

current  is  changing  at  a  constant  rate,  it  is  the  number  of  amperes 

through  which  the  current  is  increasing  or  decreasing  in  a  second. 

If  the  current  is  changing  at  the  rate  of  one  ampere  in  a  second, 

JJ*  JJ  * 

^  becomes  unity  and  Z  -=1  becomes  equal  to  Z.    Therefore  Z 

dt  ^  dt  ^ 

represents  the  counter  e.  h.  f.  of  self-induction  of  a  coil,  in  which 
the  current  is  changing  at  the  rate  of  one  ampere  in  a  second. 

Now  selecting  suitable  units,  the  number  of  lines  of  force 
which  will  be  sent  around  a  magnetic  circuit  of  magnetic  resist- 
ance /t>  by  a  current  of  one  ampere  flowing  through  a  coil  of  S 

turns,  will  be  — .    Therefore  if  the  current  is  increasing  at  the 
P 

rate  of  one  ampere  per  second, —  lines  of  force  will  be  inserted  or 

r 

taken  out  of  the  coil  in  a  second,  and  the  b.  h.  f.  set  up  will  be 

—  X  /S— .—  ;  but,  since  the  current  is  changing  at  the  rate  of 
P  P 

one  ampere  per  second,  the  b.  m.  f.  set  up  =  Z.    Therefore 

z-y^ 

These  equations  (13  and  14)  might  have  been  arrived  at 
a  little  difierently  by  resolving  the  counter-magneto-motive-force 
of  the  coil  parallel  to  the  induction  due  to  the  field,  and  then  con- 
sidering the  comparative  values  of  the  resistances  through  the 
inside  of  the  coil  and  around  the  outside ;  but  this  method  is  more 
complicated  than  the  one  I  have  chosen,  and  a  little  consideration 
will  show  that  it  is  precisely  the  same  thing,  merely  looked  at 
from  a  different  point  of  view.  r^^^^T^ 
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Now  let  UB  see  how  this  equation  must  be  modified  to  suit  the 
conditions  obtaining  in  die  Stanley  alternating  arc  machine.  This 
machine  is  of  the  multipolar  type,  with  the  coils  laid  flat  on  the 
armature  core.  It  differs  from  the  ordinary  Westinghouse  alter- 
nating machine  mainly  in  the  facts  that  each  coil  consists  of  a 
large  number  of  turns,  and  is  laid  in  longitudinal  grooves  in  the 
armature  core  in  such  a  manner  as  to  be  almost  entirely  sur- 
rounded by  iron,  and  that  the  number  of  alternations  per  second 
is  large.  As  a  result  of  this  arrangement  the  machine  maintains 
a  nearly  constant  current  throughout  wide  variations  of  resistance 
and  speed. 

To  explain  this  phenomenon  we  will  use  equation  (13),  first 

substituting  for  Z  its  value, — ,  and  we  have 

P 

4/5?2  2^  _^  4  ^2  ^4  (16) 

Since  there  is  a  large  number  of  turns  in  the  armature  coil,  S  is 
very  large  and  S^  correspondingly  larger.  Then,  since  the  coil  is 
almost  completely  surrounded  by  iron,  p  is  very  small,  and  accord- 

ingly  ---is  exceedingly  large.  Then,  since  the  number  of  alterna- 
tions is  very  large,  T,  the  time  of  one  alternation,  is  a  very 
small  fraction,  and,  therefore,  /?  T^  may  be  neglected  as  com- 

V4 

pared  with  4  t^  — ^    Neglecting  this  term  then  and  reducing, 

P  • 

our  equation  becomes. 

This  equation  shows  that  C  is  dependent  on  the  magnetic  induc- 
tion through  the  coil  due  to  the  field,  on  p  the  magnetic  resistance 
to  the  lines  of  force  of  the  coil,  and  on  /&,  the  number  of  turns  in 
the  coil.  Resistance  wnd  speed  a/re  conspiotums  by  their  absence. 
We  must  remember,  however,  that  if  Ji  and  7'  are  increased 
sufficiently  in    value,    IP   T*  wiU  cease   to  be  negligible  as 

V4 

compared  with  4  ;r^  — ^ ,  and  therefore,  every  increase  in  R  will  in- 
crease the  denominator  of  equation  (15)  and  C  will  decrease. 

If,  therefore,  we  fix  the  limits  between  which  the  current  may 
change,  while  the  resistance  in  the  main  current  is  changing  from 
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its  lowest  to  its  highest  valne,  we  may  determine  the  speed  below 
which  the  machine  must  not  nm.  Any  increase  of  the  speed 
above  this  point  merely  tends  to  lessen  the  flnctnation  of  the  cur- 
rent between  the  highest  and  lowest  resistances.  Again,  any 
increase  in  the  speed  above  this  point  will  widen  the  range 
throughout  which  the  resistance  may  vary,  without  the  fluctua- 
tion in  the  current  passing  the  prescribed  limit.  R  will  have  its 
lowest  value  when  the  armature  is  shortrcircuited,  and  will  then 
equal  the  resistance  of  the  armature  coils,  and  the  current  will  be 
at  its  maximum  value  The  minimum  value  of  the  current  then 
being  fixed,  the  maximum  value  of  R  will  depend  od  the  value  of 

B?  T\  as  compared  with  4  7:^—5-  or   R    (maximum)  may  vary 

r 

inversely  with  T,  or  directly  as  the  number  of  alternations  per 
second. 

Returning  now  to  equation  (16)  we  see  that  C  varies  directly  as 
ir(the  field  is  separately  excited)  and  iT  varies  directly  as  the  ex- 
citing current.  Therefore  any  increase  in  the  magnetizing  cur- 
rent will  correspondingly  increase  the  main  current.  This  is  in 
fact  the  method  by  which  the  main  current  is  brought  to  its 
proper  value.  The  machine  is  short-circuited  and  the  main  cur- 
rent brought  to  its  proper  value  by  varying  the  magnetizing 
current.  The  main  current  will  then  remain  practically  constant 
throughout  the  prescribed  range  of  resistance. 

Secondly,  the  current  varies  directly  as  p.  This,  too,  has  been 
shown  to  be  true,  f  qf  in  one  of  the  first  machines  built  the  coils 
were  wound  in  cylindrical  logitudinal  holes  in  the  armature  core 
so  that  they  were  entirely  surrounded  by  iron,  and  as  a  result  the 
current  obtained  was  too  small  to  be  measured.  Longitudinal 
slots  were  then  cut  in  the  armature  core  so  as  to  increase  />,  and 
by  widening  these  slots  to  the  proper  amount,  the  desired  current 
was  obtained. 

Finally  C  varies  inversely  as  S^  the  number  of  turns  in  the 
armature  coil.  That  is,  the  more  turns  in  the  armature  coil  the 
less  the  current  delivered.  This,  too,  was  found  to  be  true  in  the 
experimental  stage  of  the  work.   But  it  must  be  remembered  that 

S  must  not  be  made  so  small  that  the  term  4  ;r^  —5  becomes  com- 

P 
parable  with  W  T  ^.     We  may  perhaps  obtain  a  simple  concep- 
tion of  the  reaction  by  slightly  changing  the  form  of  our  equation 
We  may  write  equation  (13)  thus. 
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where  f  is  the  angle  of  lag. 


(17) 


T^.^. 


AUULA-noHQUHVt. 


Fig.  5. 


Neglecting  the  term  1,  under  the  radial  sign,  we  have 


C-4 


Vi7r8N 


(18) 


^rtan^ 

tan  (p  yaries  inversely  bsjR  T,  and  therefore  the  product  of  tan  <p 
and  a  Tin  the  denominator  remains  constant.  Referring  to  Fig. 
1,  and  remembering  that  <p  is  the  angle  by  which  the  effective 
s.  M.  F.  lags  behind  the  impressed  s.  m.  f.,  we  observe  that  if  there 

Digitized  by  VjOOQIC 


888  BBID  Oir  MAGNETIC  BEAOTI0N8,  [Oct .  81 

is  no  lag  in  the  effectiye  s.  m.  f.,  or,  the  current  will  reach  its  max- 
imnm  value  when  the  coil  is  in  the  position  shown  in  Fig.  1 ;  and 
therefore  the  largest  possible  nnmber  of  lines  will  flow  through 
the  coil  and  will  be  taken  out  of  it  during  the  revolution.  As  ip 
increases,  the  current  is  delayed  in  reaching  its  maximum  value, 
until  the  coil  has  passed  the  position  shown  in  Fig.  1,  and  when  f 
is  nearly  90°  the  coil  will  have  nearly  attained  the  position  shown 
in  Fig.  4  before  the  current  reaches  it?  maximum  value;  but  in 
this  position  the  m.  m.  f.  of  the  coU  almost  exactly  opposes  that  of 
the  field,  thus  largely  reducing  the  number  of  field  lines  which 
will  pass  through  the  coil.  As  <p  increases,  the  e.  m.  f.  decreases. 
Then  we  have :  a  decrease  in  R  tends  to  increase  the  current, 
but  a  decrease  in  li  tends  to  increase  ^ ,  which,  in  turn,  decreases 
the  effective  e.  m.  f.  and  reduces  the  current.  <p  must  be  nearly 
90^  so  that  the  demagnetizing  effect  of  the  coil  may  vary  inverse- 
ly as  R^  which  it  will  not  do  if  f>  is  small.  The  result  may  be 
viewed  in  still  another  way ;  we  may  write  our  equation  thus, 

C-     ^~^-S^-^  (19) 

where  n  is  the  number  of  complete  waves  per  second.  The  nu- 
merator of  this  fraction  will  then  represent  the  e.  ic.  f.,  which 
would  be  set  up  in  the  coil,  if  there  were  no  self-induction.  The 
denominator  consists  of  the  ohmic  resistance  H^  and  of  another 
term  due  to  self-induction,  which  is  equivalent  to  an  added  resis- 
tance and  has  been  called  the  inductance.  This  quantity  2  ;r  Z  n 
multiplied  by  C  will  equal  the  counter  e.  m.  f.  of  pelf -induction 
of  the  coil.  As  long,  then,  as  the  inductance  or  induction  resis- 
tance of  the  coil  is  very  large  as  compared  with  the  ohmic  resis- 
tance, any  change  in  the  ohmic  resistance  will  only  very  slightly 
affect  the  total  resistance,  which  is  the  sum  of  the  two. 

Let  us  now  consider  what  light  these  equations  will  throw  on 
the  question  of  designing  the  machine.  The  problem  is  to  obtain 
a  current  of  the  desired  strength  and  constancy,  with  the  least 
expenditure  of  energy  and  at  the  least  expense,  and  the  quanti- 
ties with  which  we  may  work  to  obtain  this  result  9,r%  If  S  p  (or 
L)  and  T.  We  see  immediately  that  it  is  advantageous  to  make 
T  as  small  as  mechanical  considerations  will  allow,  since  the 
smaller  T  is,  the  more  constant  will  the  current  be  throughout 
the  range,  or  the  wider  the  range  the  resistance  may  have  with- 
out causing  the  current  to  vary  below  the  prescribed  limit.  This 
points  then  to  a  multiplicity  of  poles,  or  high  speed,  oi;  both. 
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JVy  on  the  other  hand,  shonld  be  as  large  as  possible,  for  the 
output  of  the  machine  varies  directly  with  that  factor,  and  its 
increase  does  not  at  all  a£Eect  the  fluctuation  of  the  current.  aS\ 
again,  should  be  as  small  as  it  can  be  made  without  affecting  too 
much  the  regulation  of  the  machine. 

p  is  the  one  indeterminate  quantity  in  this  equation.  It  is 
almost  impossible  to  calculate  its  value  beforehand  to  any  reason- 
able degree  of  accuracy,  for  several  reasons.  The  magnetic  cir- 
cuit of  which  it  is  the  resistance,  varies  in  cross-section  through- 


iTig.  e. 

out  its  whole  length,  and  this  variation  is  not  uniform  but  has 
several  points  of  discontinuity.  Furthermore,  p  varies  during 
the  revolution  of  the  armature,  for  when  the  armature  pole  is 
half  way  between  two  field  poles,  part  of  the  path  of  the  lines  of 
force  is  through  the  field  pole,  and  when  the  armature  pole  is 
opposite  the  field  pole,  that  same  part  of  the  path  of  the  lines  of 
force  will  be  made  up  of  the  air  gap  between  the  two  field  poles, 
and  p  will  be  much  increased.  An  approximate  value  might  be 
obtained  by  determining  Z  with  the  armature  in  different  posi- 
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tionB  and  taking  an  average  of  the  Tallies  thus  obtained ;  bat  if 
in  actual  practice  the  iron  is  worked  anywhere  near  the  satura- 
tion point,  this  method  would  be  of  doubtful  utility,  unless  the 
currents  used  in  determining  Z  were  the  same  as  tliose  used  in 
practice. 

Probably  the  best  method  for  practical  work  would  be  by 
means  of  a  curve  of  current  and  e.  m.  f.,  where,  all  the  terms  be- 
ing known  except  p  and  probably  iV^,  we  can  obtain  n  p  from  one 
point  on  the  curve,  and  both  p  and  iT  from  two  points.  This 
method,  while  it  would  probably  not  give  us  very  accurate  val- 
ues of  these  two  terms,  would  be  of  value  for  purposes  of  com- 
parison, so  that  by  means  of  a  large  number  of  determinations 
we  might  obtain  data  which  would  be  veiy  useful  in  designing 
future  machines. 

Another  useful  thing  to  know  is  what  is  the  highest  value 
which  the  b.  m.  f.  will  attain  on  open  circuit.  This  may  be  ob- 
tained from  equation  (14)  thus :  Dividing  both  numerator  and 
denominator  by  JS  and  neglecting  the  second  term  under  the 
radical  sign  (since  H  is  infinite  on  open  circuit)  we  have, 

where  n  is  the  number  of  complete  periods  per  second.  • 

This  E.  M.  F.  will  of  course  be  very  high,  since  there  are  very 
many  turns  in  the  armature  coil,  and  n,  the  number  of  periods 
per  second,  is  very  large.  As  a  consequence  of  this,  if  the  ma- 
chine is  allowed  to  run  on  open  circuit,  the  armature  insulation 
will  soon  break  down,  thus  producing  a  ground  which  will 
speedily  burn  out  the  machine. 

The  following  is  the  complete  formula  where  all  the  terms  are 
expressed  in  practical  units. 


"lO  V  10"  JP  T*  +  12.768*  7^8'  pfA^ 


(21) 
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Discussion. 

The  Peesidekt  :— I  think  the  members  of  the  Institute  will 
agree  with  me  that  these  are  two  exceedingly  interesting  papers. 
We  shoald  be  very  glad  to  have  a  full  discussion. 

Mr.  William  Stanlet,  Jr^: — Mr.  President,  the  papers  that 
have  been  read  this  evening  refer  to  the  regulation  of  a  dynamo 
with  which  there  is  no  external  appliance  to  control  the  current. 
In  applying  an  alternating  potential  to  a  circuit,  there  are  two 
kinds  of  opposition  to  current  How.  One  kind  is  offered  by  the 
resistance  of  the  circuit,  determinate  in  the  dimensions  of  the 
circuit,  and  the  specific  material  of  which  it  is  composed,  while 
the  other  is  the  opposition  due  to  the  shape  of  the  circuit,  that 
which  we  ordinarily  call  the  self-induction  of  the  circuit.  Now 
the  relation  of  these  two  oppositions  to  the  flow  of  current  is  not 
exactly  the  same.  The  resistance  of  the  circuit  opposes  the  flow 
of  the  circuit  at  the  instant  the  potential  is  applied.  The  counter- 
electro-motive  force  of  self-induction  first  delays  the  flow  of  cur- 
rent and  then  urges  it  on,  and  the  time  that  elapses  between  the 
application  of  a  given  potential  to  a  circuit  and  the  flow  of  cur- 
rent corresponding  to  any  particular  value  of  the  potential,  is 
determinable  by  the  ratio  of  the  value  of  the  self-induction  to 
that  of  the  resistance.  Now  in  this  machine  that  these  gentle- 
men have  spoken  of,  we  may  consider  that  all  that  part  of  the 
circuit  which  is  inside  of  the  machine,  viz.,  the  armature  coils, 
represents  the  self-ind  uction  part  of  the  circuit.  This  portion  there- 
fore tends  to  delay  the  flow  of  the  current  for  awhile,  and  afterwards 
to  push  it  on.  All  that  part  of  the  circuit  external  to  the  ma- 
chine may  be  considered  to  represent  the  resistance  portion  of  the 
circuit.  Now  it  is  evident  we  cannot  change  the  number  of 
turns  of  wire,  or  very  well  the  number  of  revolutions  of  the  ma- 
chine when  running ;  consequently  we  cannot  change  the  value 
of  the  self-induction  in  circuit  and  therefore  the  ratio  of  the  self- 
induction  to  the  resistance.  The  change  of  this  ratio — by  simply 
short-circuiting  such  arc-lamps  as  we  may  wish  to  turn  out, 
changes  the  time  of  appearance  of  the  current.  It  lets  the 
armatnre  of  the  machine  get  a  little  further  ahead  when  one 
lamp  is  burning,  when  the  maximum  value  of  the  current  in  the 
armature  occurs  ;  that  is,  it  allows  the  armature  pole  to  come  up 
in  front  of  the  field  pole,  as  shown  in  Fig.  10,  and  to  oppose  the 
field  pole,  (the  magnetization  in  the  armature  being:  directly  op- 
posite to  that  in  the  field)  it  keeps  the  lines  of  the  field  magnetism 
from  passing  through  the  armature.  This  effect  is  very  beautifully 
shown  by  winding  on  the  two  armature  circuits,  one  an  arc  cir- 
cuit, and  another  a  few  turns  of  wire  connected  with  the  volt- 
meter, both  wound  upon  the  same  tooth.  If  the  machine  be 
short  circuited,  the  magnetism  is,  as  it  were,  blown  out,  and  no 
potential  is  found  upon  the  supplemental  circuit.  The  whole 
regulation  of  the  macnine  is  due  then  to  the  fact  that,  as  shown 
in  Tig.  lu,  the  time  of  the  current  flow  has  advanced,  as  we  see[^ 
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intricate  nature.  (Langhter.)  And  thns  it  appeares  to  me  that 
we  should  handle  mathematics  with  a  ^eat  deal  of  delicacy,  care 
and  judgment,  and  use  them  in  a  mixed  multitude  only  when  we 
have  to,  the  highest  function  of  a  technical  paper  being  to  instruct. 

Referring  tor  one  moment  to  alternating  machines  j?^  se^ 
although  it  is.  a  little  perhaps  out  of  the  exact  track  of  the  papers 
before  us,  and  the  discussions  which  should  properly  follow  them. 
I  may  say  that  there  is  quite  a  prevalent  impression  in  the  land, 
and  quite  largely,  among  gentlemen  who  suppose  themselves 
to  be  electricians,  that  alternating  currents  usea  in  electric  light- 
ing date  back  only  to  the  time  when  Gaulard  and  Gibbs  employed 
them  to  excite  the  primary  of  an  induction  coil  or  transformer 
for  incandescent  lighting.  Within  the  last  two  weeks  1  have 
heard  it  gravely  asserted  by  such  a  gentleman,  that  the  first  time 
an  alternating  machine  was  ever  used  in  lighting  was  on  that 
occasion.  It  was  of  very  little  use  to  tell  him,  (for  he  would  not 
have  believed  me  if  I  told  him  and  swore  to  it  on  a  stack  of 
bibles,)  that  the  first  machine  ever  used  for  lighting  was  an  alter- 
nating machine,  and  the  first  currents  used  were  for  arc  lights 
without  commutation.  Nevertheless  it  is  true  that  the  von 
Malderen  or  Alliance  machine  was  an  alternating  machine  and 
achieved  better  success  in  arc  lighting  than  the  machine  subse- 
quently made  by  Holmes  in  England  in  which  the  currents  were 
commutated.  I  would  not,  of  course,  venture  to  compare  the 
highly  organized  machine  of  to-day,  such  as  the  one  of  which  we 
have  neard  this  evening,  with  the  very  crude  alternating  current 
machines  of  past  time,  tor  they  were  simply  the  magnetic  machine 
of  Clark  ana  Saxton  multiplied  indefinitely ;  that  is,  a  number 
of  the  electro-magnets  placed  upon  a  frame  were  whirled  around, 
the  entire  effect  oeing  due  to  the  multiplication.  Whereas  in 
the  machine  of  to-day  we  have  principles  which  have  been 
learned  by  experience,  and  greatest  and  most  valuable  of  all  we 
have  the  i:rinciple  of  the  magnetic  circuit.  Nevertheless  1  have 
thought  it  not  out  of  place  to  call  the  attention  of  the  Institute 
to  the  fact  that  alternating  machines j[?er  se  were  old;  that  alter- 
nating currents  in  electric  lighting  are  not  new,  and  that  advance 
has  been  made  chiefly  on  the  lines  of  improving  and  doine  on 
well  defined  principles,  things  which  have  been  mferiorly  aone 
before  our  time. 

I  might  mention  in  conclusion  that  the  Jablochkoff  candle  was 
in  its  time  operated  also  by  alternating  currents  for  the  reason 
that  if  it  had  not  been,  the  positive  carbon  would  have  burned 
much  faster  than  the  other.  Therefore,  as  many  of  you  will  re- 
member, instead  of  using  the  Gramme  machine  with  its  continu- 
ous current,  the  Gramme  machine  was  used  to  separately  excite 
an  alternator,  which  in  turn  was  used  to  furnish  current  for  the 
candles. 

Mr.  E.  T.  Birdsall: — There  is  one  point  in  the  paper  of 
Messrs.  Tobey  and  Walbridge  about  which  I  would  like  to  ask  a 
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auestion,  and  that  is  in  regard  to  the  efficiency.  They  say  that 
tie  efficiency  varies  between  93  and  94  per  cent.  Now  the 
?[ne8tion  I  would  like  to  ask  is,  how  the  efficiency  was  obtained 
rom  the  curves.  The  reader  said  that  it  did  not  matter  whether 
the  volts  were  taken  hy  the  mean  square  process  or  by  the  watt 
curve — you  got  watts  all  the  same.  I  would  also  like  to  ask 
whether  the  efficiency  takes  into  accoimt  the  power  used  by  the 
exciter? 

Mr.  Tobey  : — ^In  reply  to  the  gentleman,  speaking  of  the  two 
values  of  e.  m.  f.  and  efficiency,  the  former  was  obtained  first,  from 
the  square  root  of  the  mean  square ;  second,  by  the  taking  the  watt 
curve,  the  points  of  which  were  plotted  from  values  obtained 
from  the  mstantaneous  values  of  current  and  e.  m.  f.  These 
^ve  the  instantaneous  values  of  watts  at  periods ;  then  integra- 
ting the  curve  we  obtained  the  output  in  watts.  In  this  manner 
we  obtained  the  value  of  the  watts  without  determining  either  the 
e.  m.  f.  or  current.  Dividing  the  watts  by  the  current  gave  us 
the  second  value  of  e.  m.  f.  and  current,  but  we  separated  them  only 
as  a  matter  of  interej^t. 

The  values  of  efficiency  include  the  excitation.  The  method 
of  getting  these  efficiences  was  to  divide  the  watts  electrical 
output  by  the  sum  of  the  watts  by  dynamometer,  plus  watts 
excitation. 

Mr,  Charles  Steinmktz  :~-In  looking  through  the  equations 
given  here  by  Mr.  Reid  I  see  the  magnetism  of  the  field,  called 
^,  is  supposed  to  be  constant.  Therefore,  the  magneto-motive- 
force  of  tne  field  magnetism,  that  is  the  exciting  current  is  sup- 
posed to  be  constant,  too.  But  that  will  hardly  ever  be  so,  be- 
cause of  the  induction,  which  the  varying  magnetism  produces 
in  the  field  circuit. 

Now  here  in  the  diagram  given  by  Mr.  Tobey  and  Mr.  Wal- 
bridge  I  see  the  instantaneous  values  of  the  exciting  current 
varying  by  more  than  SOj^.  Therefore  it  would  follow  that  the 
field  magnetism  is  varying  in  the  same  manner  in  that  kind  of 
alternating  generator,  and  I  could  not  think  the  equations  to  be 
complete,  if  the  field  magnetism  is  supposed  to  be  constant.  To 
complete  the  equations,  tnere  ought  to  be  added  to  the  term  iV, 
anotner  factor,/,  i.  of  the  form; 

1  —  s  sin^  {d — w), 
where  siY  is  the  amplitude  of  the  variations  of  exciting  current, 
w  its  angle  of  lag. 

Furthermore  here  I  see  the  magnetism  A  is  supposed  to  be 
proportional  to  the  magneto-motive  force  over  the  magnetic  re- 
sistance. And  this  magnetic  resistance  is  supposed  to  be  constant. 
I  think  it  would  make  a  certain  difference  in  these  equations  if, 
also,  this  assumption  of  the  constancy  of  magnetic  resistance 
should  be  abandoned,  as  not  being  quite  true.  And  therefore  I 
think,  also,  here  another  term  ought  to  be  added ;  but  if  this 
should  be  done,  theae  equations  become  so  complicated  indeed, 
that  I  hardly  think  it  possible  to  integrate  them.     (Laughter.)      , 
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muBt  prod  ace  fluctuation  when  the  course  of  the  lines  of  force 
is  changed,  just  the  same  as  a  change  in  ohmic  resistance  in  an 
ordinary  circuit  would  produce  fluctuations  in  the  current. 
Hence,  if  we  take  a  small  coil  of  wire  forming  by  flexible  con- 
ductors a  closed  circuit  with  a  telephone,  and  place  this  coil  near 
the  field  of  a  dynamo  electric  machine  in  a  suitable  relation  to 
the  field,  the  oscillation  of  the  lines  of  force,  due  to  this  change 
of  magnetic  distribution  each  time  there  is  a  commutation,  causes 
the  induction  of  a  minute  alternating  current  in  this  coil  whose 
number  of  periods  or  frequency  is  equal  to  the  number  of  commu- 
tations per  second,  and  causing  the  telephone  to  emit  a  note  of 
corresponding  pitch.  The  paper  which  I  read  at  the  time, 
showed  further  how  one  could  trace  the  course  of  the  lines  of 
force  leaking  from  the  magnetic  field  of  the  machine  in  this  way 
by  means  ox  the  telephone,  because  if  the  oscillation  is  in  the 
same  plane  as  the  exploring  coil  there  will  be  no  noise  in  the  tele- 
phone and  if  it  is  at  right  angles  to  the  plane  of  the  exploring 
coil  the  noise  will  be  loudest. 

I  have  also  had  occasion  to  study  that  fluctuation  in  a  more 
perceptible  way,  on  a  larger  scale,  in  connection  with  the  older 
form  of  mnchines  formerly  in  use,  old  shuttle  wound  armatures 
of  the  Siemens  type.  When  they  are  used  for  producing  con- 
tinuous currents,  we  set,  strictly  speaking,  not  a  continuous  cur- 
rent, but  a  series  of  alternated  impulses.  We  have  really  a  large 
impulse  in  one  direction  followed  by  a  smaller  impulse  in  the 
opposite  direction,  in  each  case,  so  that  the  current  is  only  rela- 
tively continuous  in  spite  of  the  commutation.  Now  I  have  seen 
machines  of  that  type  where  by  putting  another  coil  around  the 
magnetic  field  an  alternating  current  could  be  obtained  which 
could  be  used  for  producing  electric  light,  working  transformers 
or  anything  of  that  kind,  showing  that  in  this  case  the  oscillations 
or  the  wavy  action  taking  place  in  consequence  of  the  reactions 
of  the  armature  on  the  magnetic  field,  were  suflScient  to  deter- 
mine a  motion  of  a  magnitude  adequate  to  produce  the  induction 
of  a  current  in  a  suitable  circuit. 

I  join  with  the  other  gentlemen  in  expressing  regret  that  we 
could  not  get  sooner  the  substance  of  the  able  paper  read  by  Mr. 
Thorburn  Keid,  in  order  that  we  might  have  tlie  opportunity  to 
digest  it  and  come  here  better  prepared  to  discuss  it.  I  must  say 
that  r,  myself,  while  I  could  not  follow  it  entirely,  have  been* 
able  to  find  in  it  a  great  many  points  which  ai'e,  to  say  the  least, 
very  novel  in  their  method  oi  treatment-  I  do  not  deprecate  in 
the  least  the  presentation  of  papers  of  that  character  before  this 
body,  because,  while  I  grant  that  they  have  a  great  deal  of  theo- 
retical value,  I  feel  that  they  have  even  more  practical  value  than 
many  of  us  imagine  or  are  willing  to  concede.  The  very  circum- 
stance, for  instance,  that  we  are  enabled  to  get  a  clearer  percep- 
tion of  the  phenomenon  of  inductance  is  one  which  will  contri- 
bute greatly  to  the  progress  we  look  for  in  the  uses^ajid  applica- 
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tions  of  the  alternating  current.  I  think  that  the  day  is  coming 
when  we  shall  be  able  to  express  the  phenomenon  of  inductance 
which  is  to-day  a  perplexing  and  confusing  one  even  to  the 
mathematician,  with  as  little  efEort  and  to  understand  it  with  as 
much  ease  as  is  now  the  case  with  the  phenomena  and  the  rela- 
tions of  non-inductive  resistances.  And  in  this  connection  I  wish 
to  invite  those  who  study  these  matters  from  the  mathematical 
standpoint  to  consider  in  connection  with  their  treatment  the 
fact  that  the  elasticity  of  the  lines  of  force  themselves,  is  a  reac- 
tionary factor  of  importance  in  the  phenomena  taking  place 
while  currents  are  being  induced  by  the  cutting  of  lines  of  force. 

In  expressing  inductance  we  have  to  introduce  the  notion  of 
velocity  since  the  e.  m.  f  due  to  self-induction  varies  with  the 
rate  at  which  lines  of  magnetic  force  are  cut.  Now  the  notion 
of  velocity  must  involve  the  consideration  of  the  fact  that  the 
lines  of  force  themselves  are  not  passive  during  the  operation  of 
being  cut ;  that  they  may  yield  one  way  ;  that  there  is  a  certain 
tension  produced  by  the  reaction  of  the  current  which  would 
make  them  give  way,  as  Mr.  Stanley  has  so  well  said.  Now  in 
that  case  the  velocity  would  evidently  be  affected  and  the  rate  of 
cutting  would  be  reduced;  while  in  the  rebou:id  they  would 
fall  back,  and  thereby  increase  the  relative  velocity  or  rate  of 
cutting. 

Dr.  M.  I.  PtTPiN : — There  is  an  interesting  point  which  I  would 
like  to  discuss  in  a  few  words  and  that  is,  the  peculiar  form 
of  the  curve  which  expresses  the  electromotive  force.  When  arc 
lamps  are  introduced  in  the  circuit  it  is  evident  that  the  form  of 
the  curve  is  entirely  different  from  the  form  which  we  obtain 
when  there  are  incandescent  lamps  in  it.  Mr.  Tobey  suggests  that 
it  is  probably  due  to  the  change  of  resistance  brought  about  by 
the  cold  air  which  is  cooling  off  the  carbon  points,  and  the  exper- 
iment which  he  devised  to  test  this,  seemea  to  prove  his  sugges- 
tion. But  there  is  another  way  of  looking  on  this  matter,  and 
that  is  this  :  we  know  that  the  current  is  conveyed  between  the 
carbon  points  by  means  of  luminous  carbon  particles.  The  re- 
sistance between  the  carbon  points  depends  not  only  on  the  con- 
tact between  the  two  carbon  points,  but  also  on  the  amount  of 
the  luminous  carbon  particles  which  pass  between  the  points. 
Now,  the  amount  of  these  luminous  carbon  particles  depends  on 
the  strength  of  the  current,  just  as  in  electrolysis,  the  amount  of 
an  element  deposited  by  the  electric  current.  Therefore,  the  re- 
sistance will  change  with  the  current.  When  the  current  is  zero 
the  resistance  will  have  a  maximum.  When  the  current  is  a 
maximum  the  resistance  will  be  a  minimum.  Most  of  the  resist- 
ance in  the  arc  circuit  is  due  to  the  resistance  between  the  carbon 
points.  These  changes  in  the  resistance  of  the  whole  circuit  may 
therefore,  be  very  considerable.  In  addition  to  that,  we  have, 
of  course,  changes  due  to  the  variation  in  the  temperature  of  the 
carbon  point.    Now,  Mr.  Tobey  says  that  they  introduced  the 
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flame  of  an  alcohol  lamp  between  two  points  and  obflerved  that 
the  sharp  cornerB  in  the  curve  were  mooified — rounded  off.  But 
the  flame  is,  comparatiyely  speaking,  a  yerj  good  conductor  of 
electiicity,  so  that  by  putting  a  flame  between  the  two  carbon 
points,  in  order  to  prevent,  as  he  intended,  cold  air  from  rushing 
in,  he  has  introduced  a  good  conductor  there,  and  has  prevented 
those  large  variations  in  resistance,  and  has  thereby  prevented 
sudden  cnanges  in  the  electromotive  force. 

There  is  another  point  which  I  would  like  to  mention.  A 
gentleman  said  to-night  that  it  is  very  desirable  to  introduce  mag- 
netic resistance  in  the  definition  of  self-induction,  for  the  simple 
reason  that  in  that  case  we  would  have  something  tangible, 
whereas  the  definition  of  self-induction  as  given  by  Neumann  is  a 
mathematical  one  and  intangible.  Well,  f  do  not  agree  with  that 
gentleman,  for  the  simple  reason  that  Neumann's  integral  for  the 
co-efficient  of  self-induction  represents  a  certain  physical  quanti- 
ty which  can  be  measured.  It  refers  to  the  electro-magnetic 
energy  of  the  field,  and  energy  is  the  best  conception  to  have.  I 
do  not  know  what  the  magnetic  resistance  is.  1  cannot  imagine 
anything  that  would  represent  magnetic  resistance,  unless  I  es- 
tablish first  the  relation  between  this  quantity  and  the  electro- 
magnetic energy.  The  integral  of  Neumann  represents  a  certain 
amount  of  energy  which  we  can  mesBure  in  a  great  many  ways. 
One  of  those  ways,  is  simply  to  surround  the  conductor  through 
which  the  lines  of  force  run  by  means  of  a  wire  loop  whose  ends 
lead  to  a  ballistic  galvanometer,  break  the  circuit,  destroy  that 
magnetic  ener^ana  have  it  appear  as  some  other  form  of  energy. 
It  will  appear  in  the  surroanaing  wire  a£  a  current ;  the  energy 
which  this  current  represents  is  tlie  physical  meaning  of  self-in- 
duction, or  co-efficient  of  self-induction,  if  you  please.  80  that 
the  integral,  after  all,  is  the  best  mathematical  and  practical 
definition  of  self-induction;  and  besides  defining  the  quantity 
it  also  sugjgests  to  us  a  method  of  determining  its  numerical  value. 

The  third  point  and  the  last  one  which  I  wish  to  mention  is 
this :  Mr.  Reid  assumed  at  first  the  magnetic  resistance  of  the 
machine  as  constant,  and  assuming  that,  his  equations  are  all  per- 
fectly correct  until  he  gets  to  equation  sixteen  or  seventeen  in 
whicn  he  discusses  the  resistance  />.  Dr.  Steinmetz  remarked 
that  if  we  introduced  ft  rs  a  variable  we  would  obtain  a  differential 
equation  which  is  not  integrable.  I  do  not  agree  with  him  in 
this  particular  case,  for  the  simple  reason  that  ft  will  be  a  quantity 
which  varies  in  a  certain  way  and  has  two  points  of  discontinua- 
tion during  one  revolution.  It  is  a  periodic  function.  It  has  the 
same  period  as  the  machine.  In  the  second  place  the  function 
has  two  points  of  discontinuity.  We  can  represent  every  func- 
tion of  that  sort  by  a  series  of  sines  and  co-sines.  But  if  we 
look  at  these  curves  here  which  Mr.  Tobey  obtained  we  see  that 
these  curves  are  practically  sine  curves ;  therefore,  we  have  every 
reason  to  infer  that  the  magnetic  resistanee  will  be  a  simple  har- 
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monic  function  and  that  this  is  eqnal  to  a  constant  pine  a  sine 
function.  Of  course  if  we  snould  be  unable  to  assume 
that  />  is  a  simple  harmonic  function  then  I  confess  we  would 
obtain  an  equation  which  Would  be  very  difficult  to  integrate. 
Not  so  in  our  case. 

Dr.  Gary  T.  Hutchinson  :  I  do  not  see  how  Mr.  Keid's  equa- 
tions differ  from  the  ordinaiy  well-known  forms  based  on  the 
assumption  of  a  sine  curve  variation  and  constant  magnetic 
permeability. 

Another  point — in  his  paper  he  has  given  several  diagrams  of 
magnetic  circuits  and  based  certain  explanations  upon  these  dia 
grams.  In  Figs.  3  and  4,  the  lines  of  induction  pass  through  the 
armature  and  back  entirely  by  air.  Where  is  the  return  part  of 
the  circuit?  It  is  certainly  not  completed  through  the  air  as 
shown.  Eeferring  to  the  definition  of  the  co-eflicient  of  self- 
induction,  is  not  one  of  the  simplest  definitions,  the  number  of 
lines  of  induction  eDclosed  by  the  circuit?  This  of  course  in- 
cludes the  case  both  of  air  ana  iron,  and  takes  into  account  very 
plainly  the  reluctance. 

Again,  I  do  not  see  how  the  reluctance  of  the  circuit  can  be  a 
simple  sine  function  for  the  reason  that  the  air  gap  forms  the 
lar^st  part  and  is  constant. 

Db,.  Pupin  : — I  did  not  say  that  it  is  the  same  sine  function.  I 
said  magnetic  resistance  is  a  simple  harmonic  function.  Of 
course,  magnetic  resistance  is  connected  with  self-induction. 
But  it  does  not  follow  at  all  that  the  co-efficient  of  self-induction 
will  be  a  simple  sine  function. 

Mr.  Steinmbtz  : — I  concede  that  I  did  not  yet  tnr  to  integrate 
those  equations.  I  only  doubted  their  integrabihty  because  I 
several  times  tried  to  integrate  ffuch  complicated  expressions  by 
explicit  functions  indeed^  I  mean,  and  I  ^neraUy  got  left. 

With  regard  to  the  magnetic  resistance,  I  believe  this  term  lias 
come  into  general  use,  becaase  it  gives  a  very  great  advantage  in 
numerical  calculation,  where  absolute  exactness  is  not  needed, 
and  you  are  allowed  to  suppose  the  magnetic  resistance  to  be  con- 
stant. But  so  soon  as  yoa  enter  deeper  into  the  proceedings  and 
try  to  take  into  consideration  the  variability  of  the  term  "  mag- 
netic resistance,"  then  indeed  the  matter  becomes  very  compli- 
cated, because  you  can  hardly  do  anything  else  than  define  the 
term  "magnetic  resistance"  as  the  quotient  of  magneto-motive 
force  over  magnetic  current,  or  number  of  lines  of  force,  and 
then  the  magnetic  resistance  becomes  a  very  complicated  function, 
which  sometimes  becomes  infinite,  too,  because  sometimes  the 
magneto-motive  force  may  become  zero,  when  the  magnetism  is 
not  zero,  and  the  magnetic  resistance  for  the  same  magneto- 
motive force  can  have  all  values  from  a  certain  minimum  up  to 
infinity,  even  can  become  zero.  Therefore,  in  this  case,  you  can 
not  use  the  term  "  magnetic  resistance  "  with  any  advantage,  and 
we  have  to  go  back  to  the  old  and  well-proved  manner  ol-4nathe| 
matical  calculation.  Digitized  by  V^OOglC 
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Mr.  Tobey  : — The  reason  we  used  the  galvanometer  at  the 
time  we  made  these  experiments  was,  that  there  was  no  suitable 
electrometer  exeepl,  one  which  was  in  use.  We  afterwards  found 
that,  had  we  used  the  electrometer  we  would  not  have  been  able 
to  indicate  the  sudden  changes  of  e.  m.  f.  across  the  zer«  •  line,  the 
throw  of  the  electrometer  always  being  in  the  same  direction ; 
consequently  the  very  sudden  changes  from  a  positive  to  a  negative 
value  would  not  be  definite. 

Dk.  Hutchinson: — Dr.  Duncan  of  Johns  Hopkins  University 
and  two  associates  made  some  experiments  of  this  kind  nearly 
three  years  ago  ;  these  curves  before  me  might  almost  be  taken 
as  tracings  from  some  of  theirs  and  the  description  of  the  method 
and  apparatus  used  in  obtaining  them  applies  almost  verbally  to 
their  method  and  apparatus.  This  is  the  more  remarkable  as 
neither  in  this  paper  nor  in  Prof.  Ryan's  read  before  the  Insti- 
tute some  time  ago  and  which  was  even  closer  to  Dr.  Duncan's 
than  this  one  is — as  both  dealt  with  transformers — is  there  the 
slightest  reference  to  their  work.  Their  experiments  were  made 
on  a  Siemens  dynamo  using  both  open  and  closed  circuit  trans- 
formers. Nor  did  they  find  any  difficulty  in  the  direct  use  of  a 
Thomson  quadrant  electrometer. 

Mr.  Reid  : — I  would  like  to  add  a  little  to  the  discussion  of 
magnetic  resistance  by  referring  to  some  investigations  I  made  a 
little  while  ago  on  a  transformer.  I  calculated  the  lag  of  the  trans- 
former, taking  the  magnetic  resistance  as  that,  which  we  would 
have  with  the  square  root  of  the  mean  square  of  the  current 
and  found  it  entirely  too  great.  Then  taking  the  hysteresis  as 
shown  by  Swing's  curves  and  calculating  the  work  lost  by  hys- 
teresis in  the  transformer,  I  found  that  the  lag  came  out  very 
nearly  what  was  actually  found  in  the  transformer,  so  I  had  to 
assume  that  Ewing's  curves  were  applicable  to  the  transformer. 
Now  if  we  plot  our  curves  of  magnetization  by  means  of  Ewing's 
curves,  assuming  that  the  current  follows  the  sin  law,  we  will 
get  a  curve  of  magnetization  not  at  all  like  a  mi  curve.  The  side 
where  the  curve  rises  is  almost  vertical  and  it  comes  down  again 
to  the  zero  line  much  more  gradually.  The  curve  is  almost  a 
rectangle  with  rounded  corners.  If  that  is  the  case  I  do  not  see 
how  we  can  get  the  co-efficient  of  self-induction  as  a  sin  func- 
tion. The  first  investigation  seems  to  show  that  hysteresis  is 
present  in  the  transformer  and  the  second  that  the  current  can- 
not be  a  sin  function  if  this  is  so.  And  yet  experimentally  the 
current  appears  to  follow  the  sin  law  which  would  appear  to 
show  that  the  co  efficient  of  self-induction  was  a  sin  function. 

The  President: — The  time  for  our  adjournment  is  consider- 
ably past.  I  do  not  like  to  stop  a  discussion  so  interesting  as  this 
is  on  so  interesting  a  paper. 

Mr.  Tobey  : — fiefore  adjourning  I  would  like  to  ask  if  some 
m.mbers  here  cannot  throw  some  light  on  the  subject  which  I 
brought  forward,  when  I  said  it  was  a  question  in  our  minds  as 
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to  whether  or  not  the  square  root  of  the  mean  square  of  a  rec- 
tangular enive,  similar  to  onr  electromotive  force  curves,  gave 
the  actual  e.  m.  f.  We  do  not  understand  it,  and  would  like  to  be 
enlightened  by  any  one  who  has  had  experience  in  dealing  with 
this  form  of  curve.  If  the  square  root  of  the  mean  square  does 
not  give  the  actual  electromotive  force,  how  can  it  be  obtained 
directly  from  the  curve  ? 

Dr.  Hutchinson  : — Replying  to  the  question  as  to  the  cause 
of  the  difference  between  the  value  calculated  from  the  square 
root  of  the  mean  square  and  the  observed  values  from  the  curve, 
the  explanation  is  simply  that  the  values  calculated  are  based  on 
the  assumption  of  a  sine  curve,  whereas  the  curves  given  are  very 
different. 

Mr.  T.  0.  Martin  : — Before  the  notice  of  adjournment  I  would 
like  to  say  on  behalf  of  the  committee  on  papers  and  meetings 
that,  as  Mr.  Pope  has  said,  it  is  our  constant  endeavor  to  get  the 
papers  here  on  time,  and  we  have  tried  and  tried  in  vain  to  have 
the  papers  brought  to  us  sufficiently  in  advance  to  have  them 

Srinted.  I  think  I  may  say  that  we  have  now  practically  aban- 
oned  any  serious  effort  in  that  direction.  1  would  like  to  add 
that  this  18  not  the  last  opportunity  at  which  any  paper  presented 
can  be  discussed.  This  is  not  a  meeting  for  the  conversion  of  the 
unrepentant.  We  can  discuss  these  papers  a  month  hence  and 
any  gentlemen  has  the  privilege  of  rising  on  the  floor  and  asking 
for  an  explanation  or  taxing  any  paper  which  has  been  jjresentea 
and  offering  any  remarks  on  it.  1  would  like  to  say  also  in  regard 
to  that  matter  that  if  we  print  the  papers  twice  we  put  the  Insti- 
tute to  a  great  deal  of  additional  expense. 

My  business  in  rising  Mr.  Chairman,  was  not  so  much  to  make 
that  explanation — it  is  by  no  means  an  apology,  simply  a  state- 
ment— my  object  in  rising  is  to  present  to  your  notice,  and  I  hope 
your  favorable  consideration,  a  resolution  which  has  been  placed 
in  our  hands  by  our  friend,  Mr.  Allen  R.  Foote,  the  Secretary  of 
the  National  Electric  Light  Association  and  the  special  census 
agent  for  obtaining  electrical  statistics  for  the  eleventh  census. 
The  resolution  is  as  follows : — 

"  Whereas,  Senator  Hale,  Chairman  of  the  Senate  Committee 
on  Census,  has  introduced  a  Bill  of  which  the  following  is  a 
copy : — 

A  BILL. 
To  AMflNn  AN  Act  Entitled   **An  Act  to  Provide  for  Takiiso  the 

ElEVKNTJI      and     SUBStQUFNT     ChIBUB/'     APPROVED    MaRCH     i^IBST, 

EiGBTEKK  Hundred  and  Eightt-Nine. 
Be  it  Enactfd  bt  thbSi-katb  and  thb  House  of  Repbesbnttyes  of 
thb  United  States  of  Amekica  in  Conorkbs  Abskmbi  ed,  That  for  the  pur- 
pose of  rendering  the  investigation  of  the  electrical  industries  by  the  eleventh 
census  thorough  and  complete  in  every  detail,  the  Sur<erintendent  of  the  Cen- 
sus, under  the  direction  of  the  Sec^elaiy  of  the  Interior,  is  hereby  authorized 
and  directed  to  make  such  sub-divisions  of  the  subject  as  may  seem  to  him  ad- 
visable, and  to  associate  with  the  special  agent  now  commissioned  to  investigate 
the  manufacture  of  electrical  apparatus  and  supplies  and  their  uses,  a^  snecialf 
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expert,  the  ablest  person  whose  services  can  be  secured  to  write  the  statement 
for  each  subdivision  so  made,  subject  to  the  supervision  of  said  special  agent ; 
and  the  sum  of  fifty  thousand  dollars,  or  so  much  thereof  as  may  be  necessary, 
is  hereby  appropriated  out  of  any  money  in  the  Treasury  not  otherwise  appro- 
priated. 

'^  Whereas^  it  is  the  opinion  of  The  American  Institute  of 
Eleotbical  Engineers  tnat  the  enactment  of  this  bill  is  not  only 
desirable  but  of  the  highest  importance  to  the  industries  and 
people  of  this  country  generally,  therefore  be  it 

'^liesolved^  that  the  proper  officers  of  the  Institute  be  author- 
ized and  directed  to  make  such  statements  and  representations  to 
the  Chairman  of  the  Committee  on  Census  of  the  United  States 
Senate  and  House  of  Representatives,  as  in  their  judgment  are 
necessary  and  pertinent,  to  assist  in  securing  the  action  desired." 

I  might  say  that  the  National  Electric  Light  Association  has 
already  taken  action  supporting  this  bill,  which  has  been  read 
twice  and  referred  to  the  Committee  on  the  Census.  A  similar 
resolution  will  be  presented,  and  I  have  no  doubt  adopted  by  a 
large  number  of  the  electiical  bodies  throughout  the  country,  and 
I  think  personally  that  it  is  the  duty  of  the  American  Institute 
of  Electrical  Engineers  to  give  its  hearty  support  to  such  an  in- 
vestigation and  report.  I  ao  not  think  that  tne  electrical  indus- 
tries have  the  slighest  objection  to  standing  up  and  being  counted. 
At  the  present  time  there  is  the  utmost  vagueness  in  regard  to 
the  electric  interests  of  the  country.  In  fact,  if  we  take  the  old- 
est— the  telegraph — there  are  no  statistics  to-day  of  the  mileage 
of  tele^rraph  lines  in  this  country  except  the  Western  Union. 
We  want  that  information.  A  great  deal  of  tlie  work  in  the  fu- 
ture absolutely  depends  upon  it.  Then  I  think  that  we  would  be 
perfectly  satisfied  with  even  a  Porter  census,  especially  with  re- 
gard to  the  people  that  we  are  alleged  to  have  killed.  We  want 
this  informaticm  not  only  as  persons  who  are  practically  engaged 
in  electrical  industries,  but  also  as  experts  and  electrical  ei  gin- 
eers.  anJ  I  should  be  very  glad  indeed  if  this  resolution  meets  the 
support  of  the  meeting. 

Dr.  Schuyler  S.  Wheeleb: — I  move  that  Mr.  Martin's  reso- 
lution be  adopted. 

(The  motion  was  seconded.) 

Mr.  R.  W.  Pope  : — It  does  not  appear  to  me  that  we  ought 
to  vote  money  out  of  our  treasury — each  of  us  being  interested 
in  the  funds  of  the  Government — without  further  consideration. 
I  am  sure  this  matter  is  a  surprise  to  me.  If  we  had  a  committee 
on  the  census  we  might  refer  it  to  them.  It  appears  to  me  that 
we  ought  to  give  this  matter  careful  Attention.  It  is  brought  up 
at  a  late  hour,  and  for  my  part  1  do  not  feel  altogether  like 
recommending  an  appropriation  of  this  kind  without  thinking  it 
over.  This  matter  lias  been  brought  before  this  meeting  to  be 
sure,  but  we  have  had  no  notice  of  it  and  I  do  not  think  it  has 
had  a  fair  discussion.  I  would  move  that  it  be  laid  over  until 
the  next  meeting  for  action 
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Mb.  Martin  : — I  would  like  to  say  Mr.  President,  that  there 
is  certainly — ^althonffh  our  friend  Pof>e  may  be  too  busy  to  get 
around  to  it — there  is  certainly  no  lack  of  information  on  the  sub- 
ject. I  have  in  my  hand  copies  of  a  pamphlet  of  which  several 
thousand  have  been  distributed  throughout  the  country,  which 
was  prepared  under  the  authority  of  the  National  Electric  Light 
Association  and  which  gives  a  large  amount  of  information  as  to 
what  is  actually  contemplated.  It  even  classifies  the  various  sub- 
jects that  it  is  proposed  siiall  be  taken  up.  A  great  many  of 
those  subjects  will  fall  within  our  own  province.  I  venture  to 
hope  that  some  of  our  own  members  will  be  specially  selected  as 
the  gentlemen  who  shall  prepare  those  subordinate  and  subsidiary 
reports  which  shall  be  placed  in  the  hatids  of  the  special  agent. 
The  document  in  question  was  printed  very  largely  m  every  one 
of  the  electrical  papers  in  this  country.  I  think  Mr.  Pope  him- 
self ])rinted  part  oi  it. 

Mr.  R.  W  .  Pope  : — Not  as  coming  before  this  body  for  action. 

Mb.  Martin:  Not  as  coming  before  this  body  for  action,  no. 
This  is  the  first  time  the  resolution  has  been  introduced.  This  is 
a  matter  which  requires  time  and  thought  and  attention.  I 
thought  it  had  received  that.  Congress  does  not  meet  until  De- 
cember and  we  can  certainly  take  it  up  in  November.  In  the 
meantime  we  shall  see  other  bodies  passing  this  resolution  and  I 
myself,  as  a  member  of  the  Institute,  wish  to  see  it  take  an  active 
interest  in  the  forefront  in  such  a  matter. 

Mr.  Geo.  M.  Phei^s  : — I  want  to  say  that  I  do  not  see  any 
particular  object  to  be  gained  by  laying  this  over.  On  the  face 
of  it,  all  can  understand  it  in  two  minutes.  There  is  nothing  to 
investigate  about  it.  It  is  very  plain  and  direct.  We  join  with 
many  others  who  have  also  been  petitioning  through  members  of 
Congress  and  otherwise  to  have  that  appropriation  made.  The 
object  of  that  appropriation  certainly  cannot  fail  to  have  the  in- 
terest of  all  members  of  this  association.  Electrical  people  cer- 
tainly ought  to  be  the  very  ones  to  put  their  shoulder  to  the 
wheel  and  get  that  thing  carried  through  if  possible.  I  do  not 
think  we  shall  be  any  better  prepared  in  November  to  vote  on 
this  resolution  than  we  are  to-day,  and  the  sooner,  therefore  we 
act  upon  it  the  better. 

Dr.  W.  E.  Geyeb  : — I  do  not  see  what  special  right  electricians 
have  to  ask  Congress  to  make  a  special  c(  nsus  for  them.  Manu- 
facturers of  all  kinds  might  ask  to  have  special  censuses  made  in 
their  departments  and  there  would  be  no  end  of  censuses  asked 
for.  Then  it  does  not  seem  to  me  a  dignified  position  for  the 
Institute  to  petition  Congress  for  this  money  especially  when  it 
is  suggested  that  some  of  us  might  be  the  ones  to  get  it. 

The  President  : — I  did  not  understand  that  the  motion  to 
postpone  the  consideration  of  this  question  was  seconded. 

A  Membeb  : — It  was. 
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The  Pbesidbnt  : — Then  the  motion  is  to  postpone  the  consid- 
eration of  this  resolution  until  the  next  meeting. 

The  motion  was  lost. 

The  President  : — Now  the  question  is  on  the  original  motion. 
I  believe  you  understand  what  the  motion  is  without  ray  stating  it. 

Mr.  Martin  : — [  may  say  that  our  proposal  has  already  had 
the  approval  of  Congress  to  a  certain  extent,  that  body  having 
listened  to  the  bill  twice.  There  is  no  intention  to  put  any 
heavier  duties  on  Mr.  Pope  than  he  now  has.  I  can  quite  sym- 
pathize with  his  anticipations  and  apprehensions. 

The  resolutions  were  adopted  and  the  meeting  adjourned. 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS. 


Discussion  of  the  Revised   Report  of  the   Standard  Wir- 
ing Table  Committee. 


The  fifty-first  meeting  of  the  Institute  was  held  at  12  West 
Thirty-first  street,  New  York,  November  18,  1890. 

The  meeting  was  called  to  order  by  the  President,  Prof.  W.  A. 
Anthony. 

The  President  : — Have  the  Committee  on  the  Standard  Wir- 
ing Table  anything  to  report  to-night  ? 

Mr.  F.  B.  Crocker  : — In  accordance  with  the  instructions  of 
the  meeting  of  the  Institute  held  two  months  ago,  the  ''Standard 
Wiring  Table  Committee"  have  amended  their  report.  The  re- 
port as  amended  stands  as  follows  : 
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Matthiesskn's  Standard  of  Resi8tance  of  Copper. 


The  Council  of  the  American  Institute  of  Electrical  Engineers^, 
at  its  regular  monthly  meeting  held  December  3cl,  1889,  appointed 
a  Committee  ^'To  formulate  and  submit  for  approval  a  Standard 
Wiring  Table  for  lighting  and  power  jmrposes." 

The  Committee  appointed  consists  of  the  following  members 
of  the  Institute :  Thomas  P.  Conant.  Dr.  Louis  Duncan,  Prof. 
Wm.  E.  Geyer,  A.  E.  Kennelly,  Geo.  B.  Prescott,  Jr.,  E. 
Wilbur  Rice,  Jr,  Prof.  E.  P.  Roberts,  Prof.  Harris  J.  Ryan, 
William  Stanley,  Jr,  Dr.  Schuyler  S.  Wheeler  and  Francis  B. 
(Vocker,  Chairman. 

This  acti'on  was  taken  by  the  Council  with  the  object  of  over- 
coming or  reducing  the  great  confusion  which  now  exists  in 
regard  to  the  standards  and  constants  of  electrical  conductors. 

At  the  lirst  meeting  of  the  Committee,  held  January  10, 1890, 
it  was  decided  to  confine  the  work  for  the  present  to  the  three 
subjects  of  Standard  of  Resistance,  Temperature  Co-eflBcient, 
and  Safe  Carrying  Capacity  of  Copper,  since  these  are  of  funda- 
mental importance. 

The  subject  of  Matthiessen's  Standard  alone  is  so  confused 
and  involved,  and  the  discrepancies  in  regard  to  it  are  so  great 
between  the  best  authorities,  that  the  Committee  has  devoted  its 
attention  almost  entirely  to  this  subject  up  to  the  present  time. 

A  very  thorough  investigation  of  Matthiessen's  work  has  been 
made  by  a  sub-committee,  consisting  of  Prof.  Wm.  'E.  Geyer, 
George  B.  Prescott,  Jr.  and  the  Chairman,  Francis  B.  Crocker, 
and  the  conclusion  has  been  reached  that  the  most  correct  and 
satisfactory  '*  Matthiessen's  Standard  "  and  the  one  which  we  now 
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recommend  for  general  adoption  is  stated  as  follows:  A  soft 
copper  wire  one  metre  long  and  one  millimetre  in  diameter 
("  metre-millimetre  ")  has  an  electrical  resistance  of  .02057  B,  A . 
units  at  0  °  centigrade.     . 

From  this  the  resistance  of  a  soft  copper  wire  one  foot  long 
and  one-thonsandth  of  an  inch  in  diameter  ("  mil-foot ")  is  found 
to  be  9.720  B.  A.  units  at  0*»  C. 

In  order  to  convert  these  values  into  legal  ohms  we  may 
assume  one  B.  A.  unit  to  be  equal  to  .9889  legal  ohm,  and  the 
metre-millimetre  value  then  becomes  .02034  legal  ohms,  and  the 
mil-foot  value  becomes  9.612  legal  ohms. 

The  resistance  of  copper  at  temperature  other  than  0**  centi- 
grade may  be  determined  by  using  Matthiessen's  formula 
C^  =  (7o  (1  —  .00387  t  +  .000009009  1 2)  in  which  Ct  is  the 
conductivity  at  the  given  temperature,  C^ib  the  conductivity  at 
0  ®  and  t  is  the  given  temperature  in  degrees  centigrade.  It 
should  be  carefully  noted,  however,  that  this  formula  refers  to 
condxtctimty.  Therefore  in  order  to  apply  it  to  resistance  it  is 
necessary  to  take  the  reciprocal  and  this  should  not  be  done  by 
merely  changing  signs,  which  is  not  mathematically  correct 
although  usually  given  in  that  way.  The  correct  modification 
of  Matthiessen's  formula  when  referred  to  resistance  is 

R^  :ff  o  (1  +  .00387  t  +  .0000597  1 2) 
The  subcommittee  after  careful  consideration  came  to  the  con- 
clusion that  Matthiessen's  "mile- standard"  (one  statute  mile  of 
copper  wire  ^  inch  in  diameter  has  a  resistance  of  13.59  B,  A, 
units  at  15.5*^  C^  is  not  the  correct  one,  although  very  commonly 
used.  Matthiessen  himself  did  not  place  much  confidence  in  this 
"  mile-standard."  The  Committee,  acting  under  instructions  from 
a  meeting  of  the  Institute,  held  September,  16, 1890,  has  based  all 
standards  and  values  in  this  report  upon  soft  or  annealed  copper, 
since  its  properties  are  reasonably  constant  and  reliable.  Where- 
as the  Committee  has  purposely  excluded  from  its  recommenda- 
tions all  standards  and  values  based  upon  hard  copper  although 
several  were  given  by  Matthiessen,  because  the  hardness  of 
copper  is  merely  relative  and  the  resistance  of  hard  copper  may 
vary  between  wide  and  uncertain  limits  depending  upon  the 
degree  of  hardness. 

As  to  the  fact  often  brought  up  that  copper  may  be  found 
which  tests  one  or  two  per  cent,  higher  conductivity  or  less  re- 
sistance than  Matthiessen's  standard,  we  are  of  the  opinion  that 
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this  is  no  real  objection  provided  the  valne  of  the  standard  is 
definite  and  generally  accepted.  A  standard  which  is  not  the 
highest  attainable  value  may  even  be  considered  anadvantage^ 
since  the  average  commercial  wires  will  approximate  to  it  more 
closely. 

Although  we  believe  the  standard  we  recommend  will 
answer  the  purpose  temporarily  and  probably  permanently, 
nevertheless  we  think  that  if  a  thoroughly  correct  and  complete 
redetermination  of  the  standard  resistance  of  copper  could  be 
accomplished,  it  would  be  a  benefit  to  electrical  science  and  in- 
dustry. Favorable  offers  in  this  direction  have  already  been 
received  by  this  Committee  from  Johns  Hopkins  University, 
Cornell  University  and  Columbia  College,  and  it  is  likely  that 
this  redetermination  iriay  be  undertaken. 

The  following  statement  of  the  most  important  and  reliable 
figures  and  facts  given  by  Matthiessen  will  serve  to  show  the 
derivation  of  the  standard  which  we  rec(  niuiend. 

A  hard-drawn  copper  wire  1  metre  long  weighing  1  gramme 
("metre-gramme")  has  a  resistance  of  .1469  B.  A.  units  at  the 
temperature  of  0  ^  centigrade.^ 

Matthiessen  also  gives  the  resistance  of  a  hard-drawn  copper 
wire  1  metre  long  and  1  millimetre  in  diameter  ("  metre-milli- 
metre") as  .02104  B.  A.  units  at  0«  C} 

This  implies  a  specific  gravity  of  8.S9  for  the  copper  used  by 
Matthiessen,  but  unfortunately  he  neglected  to  actually  deter- 
mine the  specific  gravity. 

Matthiessen's  figures  for  relative  conducting  power  are  :^ 

Silver 100 

Hard  or  unannealed  copper 99.95 

Soft  or  annealed  copper .     102.21 

From  these  the  resistance  of  Matthiessen's  hard  copper  i» 
found  to  be  1.0226  times  that  of  soft  copper,  therefore  the  re- 
sistance of  a  soft  copper  wire  1  metre  long  and  1  millimetre 
diameter  ("metre-millimetre")  is  .02(^57  B.  A.  units  atO°  C, 
which  is  the  standard  we  recommend. 

From  this  the  resistance  of  1  cubic  centimetre  of  soft  copper 
is  found  to  be  .000001616  B.  A,  units  at  0°  6'. 

And  the  resistance  of  soft  copper  wire  1  foot  long  and  .001 
inch  in  diameter  ("mil-foot")  is  9.720  B.  A.  units  at  0*»  C. 

1  Hhilosopliical  .Magazine,  May  1865. 

2  Philosophical  Transactions,  1864. 
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Taking  one  B,  A.  unit  as  .9889  legal  ohm  any  of  the  above 
values  may  be  converted  into  legal  ohms  To  find  the  conduc- 
tivity of  copper  at  temperatures  other  than  0  ^  Cent.  Matthies- 
sen's  formula  may  be  used,  viz ': 

C,  _  (7o  (I  —  .00387  t  +  .000009009  t  *)  or 

^,  —  ^0  (1  .+  00387  t  +  .00000697  t  «) 

TABLE. 


Standard  Resistance  at  0 ""  C.  of 


B.  A.  U. 


**  Metre-MUlimelre"  Soft  Copper. 
"Cubic  Centimetre"    "        *' 
*' Mil-Foot" 


.02057 


Legal  Ohms. 


.02034 


.000001616,    .000001598 
9.720  1 9.612 


One  mil-foot  of  soft  copper  at  10.22"  Cot  50.4"  F  has 

Standard  resistance  of  exactly 10       legal  ohnjs. 

PameatlS.S"  Cor69.9*'i?'.  10.20    ** 

*     "  28.9'' (7  or  75'' i^ 10.58    " 


F.  B.  CKOCKER, 

Chairman. 


Discussion. 


Mr.  Crocker  : — This  report  is  substantiallj*  what  was  pre- 
sented before,  except  that  we  now  exclude  all  reference  to  hard 
copper  and  confine  the  recommendations  to  soft  copper;  this  is  to 
avoid  confusion  and  to  avoid  reference  to  hard  copper,  the  re- 
sistance of  which  is  a  variable  and  indefinite  matter.  In  other  re- 
spects I  think  this  report  is  exactly  in  accordance  with  the 
instructions  of  the  September  meeting. 

The  President  : — You  have  heard  the  report,  gentlemen. 
What  will  you  do  with  it  ? 

'  Mr.    Jo.    Stanford  Brown  : — I    move    that   the  report   be 
adopted  with  thanks. 

Dr.  M.  I.  Pcpin  : — I  second  the  motion. 

Mr.  R.  W.  Pope  : — ^Would  it  be  well  to  adopt  it  now  as  the 
oflicial  action  of  the  Institute  ? 

Mr.  Mailloux  : — I  would  like  to  amend  by  adding  the  words ; 
"  adopted  and  printed  in  the  Transactions." 

Mr.  Brown  : — I  accept  that  amendment. 
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The  PRE-iiDENT : — The  motion  is  that  the  report  be  adopted 
and  printed  in  the  Transactions.  Are  there  any  remarks  on  the 
motion  ? 

Mr.  R.  W.  Pope  : — I  rise  to  say,  Mr.  President,  that  the  older 
societies  are  very  conservative  in  regard  to  adopting  any thinj^  of 
this  kind  and  putting  it  forth  as  the  official  act  of  the  body.  T^ey 
accept  the  reports  and  print  them  and  let  them  go  out,  but  they 
do  not  officially  adopt  tliem.  I  do  not  know  whether  there  is  any 
reason  wliy  they  should  not.  I  merely  state  that  such  is  the 
practice.  The  same  point  came  up  at  the  recent  Bichmond  meet- 
ing of  the  Mechanical  Engineers  in  regard  to  a  report  on  the 
tests  of  steam  pumps,  which  was  said  to  be  a  most  excellent  piece 
of  committee  work. 

Me.  Brown  : — I  think  that  would  be  a  wise  thing  to  accept  it 
in  that  shape — that  is  accept  it  though  not  adopt  it  as  a  society, 
yet  have  it  printed  in  the  minutes. 

The  President  : — I  understand  then  that  yon  make  your  mo- 
tion to  receive  the  report  instead  of  adopting  it? 

Mr  Brown  : — Yes,  sir,  to  receive  it  with  thanks  and  have  it 
printed  in  the  Transactions. 

Mr.  Crocker  : — I  do  not  see  that  any  useful  end  is  to  be  sub- 
served by  simply  shelving  the  report  in  this  way.  I  do  not  think 
it  is  encouragement  to  future  work,  in  this  or  any  other  direc- 
tion. Of  course  the  societjr  ought  to  take  action  which  is  proper, 
and  conservative,  and  to  its  best  interests,  but  I  should  like  to 
ask  what  will  finally  be  the  treatment  of  this  report  ? 

Mr.  E.  T.  Birds  all: — I  think  in  matters  of  this  kind  it  would 
be  best  to  accept  the  report,  cause  it  to  be  printed  in  pamphlet 
form  and  distributed  among  the  members.  Then,  at  the  end  of 
a  certain  time,  say  two  or  three  months,  the  matter  could  be 
brought  up  again  at  a  meeting  and  finally  adopted  and  officially 
printed  in  tlie  Transactions. 

Mr.  George  B.  Prescott,  Jr.  : — It  seems  to  me  that  this  is 
a  very  simple  question  and  one  that  the  Institute  could  act  on  to- 
night. For  a  great  number  of  years  Matthiessen's  standard,  for 
the  specific  resistance  of  many  metals  including  copper,  has  been 
universally  accepted  by  electricians,  and  the  actual  tests  that  he 
made  are  duly  recorded  ;  but  owing  to  the  changes  in  value  of 
various  units  that  have  been  made  from  time  to  time,  the  text- 
books in  recalculating  these  standards  have  adopted  different 
values.  The  result  is  that  although  the  electrical  profession  seem 
to  be  entirely  satisfied  to  take  Matthiessen's  figures  as  a  sufficient- 
ly accurate  value  for  the  resistance  of  pure  copper,  when  they 
come  to  refer  to  the  text-books  for  this  figure,  they  find  that 
different  values  are  given.  For  that  reason  Matthiessen's  stand- 
ard has  become  meaningless,  as  there  are  a  great  many  values 
for  it  current.  ISow  the  Institute  recognized  that  it  w^as  very 
desirable  that  when  this  standard   was  referred   to,  a  particular 
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vahie  should  be  understood.  This  Committee  was  appointed  sim- 
ply to  determine,  not  the  absolute  resistance  of  chemical ly  pure 
copper,  but  simply  Matthiessen's  value  for  it,  and  so  avoid  all 
confusion.  Now  this  Committee  have  searched  through  Matthies- 
sen's original  papers  and  have  ascertained  what  this  value  was 
that  he  determined.  They  found  moreover,  that  even  Matthics 
sen's  work  was  not  entirely  sat'sfactory  and  that  there  is  consider- 
able question  as  to  the  accuracy  of  this  value ;  but  at  the  same 
time  they  have  ascertained  without  question  what  the  value  is, 
and  that  they  have  given  in  this  report.  Kow  it  certainly  will 
save  a  great  deal  of  trouble  to  the  electrical  |)rof  t'ssion  generally 
to  have  some  definite  standard,  and  it  seems  to  me  that  the 
Institute,  if  it  approves  of  the  Committee's  labors  can  accept  this 
value  as  being  Matthiessen's  standard  for  the  specific  resistance 
of  copper. 

Mr.  Thomas  D.  Lockwood  : — I  fear  that  the  gentleman  who 
spoke  last  has  fallen  into  the  error  of  believing  that  bcf-ause  he 
so  thoroughly  understands  the  subject,  he  being,  as  I  understand, 
one  of  the  Committee,  and  thoroughly  conversant  with  it  from 
one  end  to  the  other,  that  every  member  of  this  Institute  is  in 
the  same  fortunate  position.  It  is  no  doubt  a  natural  error  for 
him  or  any  one  else  to  fall  into.  I  listened  with  great  attention 
to  the  reading  of  the  rep  >rt  of  the  Committee,  and  I  am  free  to 
say  that  while  I  have  not  the  slightest  doubt  that  the  report  will 
be  adopted,  I  should  consideritunwisetoadopt  it  this  evening.  It 
is  of  such  importance  that  it  should  certainly  be  printed,  so  that 
every  gentleman  connected  with  the  Institute  should  have  a 
chance  to  read  it  and  make  the  matter  his  own  as  thoroughly  as 
Mr.  Prescott  has  made  it  his  own.  After  it  is  printed  the  matter 
can  very  readily  be  brought  up  again  and  the  members  can  vote 
upon  it  intelligentlv  and  I  have  no  doubt  will  then  adopt  it. 

With  respect  to  Mr.  Matthiessen;  for  a  long  time  his  figures 
were  accepted  as  being  conclusive.  Perhaps  the  gentleman  him- 
self did  not  believe  they  were  so  conclusive,  as  I  believe  he  ulti- 
mately shot  himself.  It  is  within  the  bounds  of  probability  that 
electricians  hereafter  may,  (quite  unreasonably  of  course),  enter- 
tain some  doubts  as  to  the  figures  now  presented,  and  for  this 
•reason  we  should  act  carefully  and  intelligently,  and  I  do  not 
think  we  could  act  intelligently  upon  the  report  read  to-night,  be- 
cause no  matter  how  carefully  we  listen,  or  how  persistently  mc 
listen,  still  the  ideas,  as  they  follow  one  another  in  rapid  succession, 
in  a  measure  obliterate  those  tliat  have  come  before. 

Mr.  Mailloux  : — I  would  like  to  make  the  motion  that  the  re- 
port be  adopted,  as  well  as  printed. 

The  President: — I  understand  that  was  the  original  motion, 
and  unless  the  Institute  consent  to  the  change  that  will  be  the 
motion  the  Chair  will  put.  The  motion,  after  we  have  com- 
menced discussion  upon  it  should  remain  as  it  was  originally 
put,  unless  the  Institute  consents  to  the  change. 
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Mr.  Mailloux  : — That  being  the  case  1  would  state  that  I  am 
in  favor  of  the  motion  being  put  and  passed  as  it  was  originally 
worded.  The  discussion  reminds  me  somewhat  of  some  of  those 
works  which  are  written  on  electrical  engineering,  and  which 
though  th  y  embody  the  very  best  ability  of  their  authors,  are 
nevertheless  by  a  kind  of  modesty  on  their  part  designated  as 
elementary  treatises  only.  On  the  same  principle  we  have  ap- 
pointed a  Committee,  which,  I  think  I  can  say  contains  the  best 
material  for  the  purpose  to  be  found  in  this  Institute.  I  have 
not  had  the  pleasure  of  attending  the  meetings  for  some  months, 
in  fact  almost  a  year,  and  I  did  not  know  much  about  tliis  work 
or  who  constituted  the  Committee.  When  I  heard  the  Chairman 
of  the  Committee  read  the  list  of  members  composing  the  Com- 
mittee, I  for  one,  felt  that  I  would  be  perfectly  willing  to  accept 
their  views  upon  this  matter  and  adopt  any  standard  which  they 
might  give  us.  It  is  something  more  than  an  elementary  treatise. 
Of  cour^se  we  all  understand  that  the  standard  can  only  be  a 
tempora  y  thing  at  best  In  1  b81,  the  Electrical  Congress  at 
Pans  adopted  a  so-called  legal  resistiince  unit.  In  other  words 
they  defined  the  value — the  length  which  a  column  of  mercury 
of  one  square  millimetre  of  section  muet  have  in  order  to  con- 
stitute a  legal  ohm.  Well,  we  have  since  found  that  this  length 
is  not  right,  and  we  have  to-day  a  Continental  value  of  the 
legal  ohm,  and  a  British  value  of  the  legal  ohm  which 
differ  from  each  other  by  a  small  fracti-Ji;  and  later  rede- 
terminations of  the  ohm  show  that  neither  of  them  is  correct, 
and  that  we  nmst  increase  the  length  of  the  mercury  column. 
Now  I  regard  this  Committee's  work  as  merely  a  means  of  effect- 
ing a  temporary  compromise  so  that  the  practitioners  may 
know  what  to  adopt  pending  further  investigation  which  will  be 
made  under  the  ansi)ices  of  that  Committee,  or  under  the  auspices 
of  some  other  committee  ai>pointed  by  some  other  scientific  bod}'. 
There  is  no  reason  to  doubt  that  before  long  we  shall  get  at  the 
bottom  of  facts  rebitinjr  to  the  8])ecific  resistance  of  copper,  yet  if 
meanwhile  we  can  Hnd  something  which  enables  us  to  get  along 
and  make  our  calculations  with  a  reasonable  degree  of  accuracy 
and  consistency  for  all  practical  purposes,  I  think  we  ought  to 
be  satisfied,  /or  that  r.M^on  I  think  we  ought  not  to  hesitate  to 
adopt  a  report  which  givo>  us  what  is  probably  the  nearest  to  the 
truth  as  tlic  facts  now  seem  to  warrant.  When  it  becomes  neces- 
sary to  a:ncnd  our  table,  1  think  that  it  will  be  done  in  a  proper 
niinnc»r  Th'M'L'for^,  I  h  )i)c  the  report  of  the  Committee  will  be 
adopted. 

iMu.  Bikdsall: — The  last  two  or  three  sentences  that  Mr. 
Prescott  utfored,  convoy  just  the  idea  of  my  former  remarks.  He 
said  tliat  if  the  remaincier  of  the  Institute  were  satisfied  as  well 
as  he  was  withtlie  report,  then  it  would  be  adopted.  The  rest  of 
the  I  nstitute,  as  Mr.  Lockwood  very  aptly  put  it,  are  not  as  well 
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satisfied  as  Mr.  Prescott,  because  they  are  not  as  well  versed  in 
the  subject.  Therefore  1  would  ask  Mr.  Brown  if  he  would  ac- 
cept m^^  first  remarks  as  an  amendment  to  his  motion. 

Mk.  Lockwood  : — I  beg  one  moment's  indulgence,  Mr.  Chair- 
man, I  do  not  like  to  speak  twice  upon  the  same  subject.  Some- 
how it  seems  to  be  implied  that  any  such  action  as  I  advocate  this 
evening  would  be  disrespectful  to  the  Committee.  I  beg  to  say 
that  I  yield  to  none  in  my  respect  for  the  Committee.  I  regard  it, 
also,  as  being  constituted  of  the  best  material  we  have.  But  if 
the  report  of  the  Committee  is  to  be  at  once  adopted,  then  I  have 
to  say  that  when  the  Committee  was  appointed  it  might  as  well 
have  been  decided  to  give  them  carte  olcmcJie  and  accept  what- 
ever report  they  chose  to  make.     That  is  all. 

Mr.  Cbooker:  —  If  it  is  distinctly  understood  that  this  report 
is  to  be  printed  and  submitted  to  the  Institute,  and  in  the  course 
of  a  reasonable  timu  the  report  is  finally  adopted,  why  then  I 
offer  no  objections.  I  think  the  comments  of  the  five  nundred 
intelligent  members  of  the  Institute  on  a  matter  of  this  sort  are 
very  desirable. 

Mr.  L'.  W.  Pope  : — Mr.  Chairman,  that  was  my  idea  in  mak- 
ing the  remark  I  did — that  the  report  should  be  accepted  and  of 
course  printed,  and  theoretically  it  would  be  about  the  same  as  if 
we  adopted  it  to-night,  excepting  this — that  it  would  not  have 
the  official  endorsement.  We  would  then  have  the  advantage  of 
placing  it  before  the  public,  and  if  anv  suggestions  or  amend- 
ments were  made,  of  profiting  by  them  m  the  final  adoption  of  the 
report  of  the  (  ommit;tee,  which  date  might  be  fixed  at  any  time 
in  the  course  of  two  or  three  months.  It  might  be  fixed  for  the 
May  meeting  when  there  will  piobably  be  more  present  from  out 
of  town  than  there  are  now  I  see  no  reason  why  one  or  two 
months  would  not  be  ample  time  in  order  to  elicit  all  the  criti- 
cisms there  might  be  upon  it. 

Thk  President: — Tne  Chairman  understands  the  motion  to  be 
that  we  receive  and  adopt  the  report  and  that  it  be  printed.  Is 
this  the  understanding  of  the  mover  ? 

Mb.  J.  S.  Brown  : — My  understanding  is  that  we  were  to  ac- 
cept this  report  and  place  it  on  the  minutes  and  leave  it  then  to 
the  consideration  of  the  inenibers.  At  least  that  is  my  desire 
personally.  In  other  words  that  we  accept  it,  but  do  not  adopt  it 
as.  going  forth  as  the  work  of  the  Institute  as  a  whole.  I  tliink 
the  suggestion  of  the  Secretary  to  leave  its  final  adoption  by  the 
Institute  until  the  May  meeting  would  be  wisest  and  best.  I 
would,  therefore,  move  that  the  report  be  accepted  and  printed 
in  our  Transactions  with  that  understanding. 

Mr.  Mailloux: — If  this  gentleman  decides  to  change  the 
wording  of  his  original  motion,  I  think  that  my  amendment  is 
in  order.     My  amendment  was  that  it  be  adopted. 

The  PrEvSident  : — The  resolution  will  have  to  stand  as  it  was 
offered  unless  the  Institute  make  no  objection  to  the  change.     If 
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there  is  any  objection  to  changing  the  resolution  of  course  it 
would  have  to  be  put  as  it  was  offered.  Amendments  are  in  or- 
der. Of  course  we  must  receive  the  report  before  we  can  adopt  it, 
and  the  Chair  has  therefore  understood  that  the  motion  was  to  re- 
ceive and  adopt  the  report.  Now  if  there  is  any  objection  to 
changing  that  so  as  to  put  it  that  we  simply  receive  tne  report, 
the  chair  will  have  to  put  the  motion  as  nrst  understood — that 
we  receive  and  adopt  the  report. 

Mr.  R.  W.  Pope  : — I  move  an  amendment,  that  it  be  receiv- 
ed without  the  word  adopt.     Is  that  in  order? 

The  President  : — That  is  in  order. 

Mr.  Pope: — That  it  be  received  and  printed  in  the  Transac- 
tions. 

(The  amendment  was  seconded.) 

The  President  : — The  amendment  is  that  the  word  adopt  be 
omitted  from  the  motion.  Those  in  favor  of  the  amendment 
will  please  make  it  manifest  by  saying  Aye;  opposed  No. 

(The  amendment  was  carried.) 

Mr.  Maillocx  :  —I  move  the  report  be  adopted. 

The  President  : — The  motion  before  the  house  is  that  the  re- 
port be  received.  We  have  just  voted  that  the  word  adopt  be 
omitted  from  the  motion.  Now  the  original  motion  comes  before 
the  house  that  the  report  be  received  and  printed  for  distribu- 
tion. Are  there  any  further  remarks  on  the  motion  ?  If  not,  the 
chair  will  put  the  motion.  All  those  in  favor  of  receiving  and 
printing  the  report  will  please  make  it  manifest  by  saying  Aye ; 
contrary  minds  No. 

(The  motion  was  carried.) 

Mr.  Mailloux: — I  move  that  the  report  be  adopted. 

(The  motion  was  seconded.) 

The  President  : — It  is  moved  and  seconded  now  that  the  re- 
port be  adopted.     Are  there  any  remarks  upon  this  motion  ? 

Mr.  Birdsall  : — I  understand  the  motion  to  mean  that  the  re- 
port be  adopted  to-night. 

The  Pres  dent  : — -That  is  the  motion  as  I  understand  it.    . 

Mr.  Birdsall  : — I  would  like  to  offer  an  amendment  that  the 
report  be  brought  up  for  adoption  two  months  from  to-night*. 

The  President: —The  chair  would  hardly  consider  such  a 
motion  as  that  in  order.  The  motion  now  is  that  the  report  be 
adopted. 

Mr.  Thorburn  Reid  : — I  move  we  lav  this  motion  on  the 
table  until  the  second  meeting  following  this. 

The  President  : — It  is  moved  and  seconded  that  the  motion 
lie  on  the  table  for  two  months.  The  question  of  time  can  be 
discussed.  All  those  in  favor  of  the  motion  that  it  lie  on  the 
table  for  two  months  please  make  it  manifest  by  saying  Aye  ; 
contrary  minds  No. 

(The  motion  was  carried.) 

Mr.  R.  W.  Pope  : — There  is  another  committee,  on  the  unit 
of  self-induction. 
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Mb.  Crocker  : — The  Committee  on  the  value  of  the  unit  of  self- 
induction,  the  Henry,  hasheld  oneor  two  meetings,  but  is  hardly  ^et 
able  to  report.  We  find  that  the  ordinary  practical  values  of  self-in- 
duction vary  from  about  1/100  to  10  quaarants,  therefore,  the  aver- 
age value  is  a  little  less  than  one  quadrant.  This  means  that  in  order 
to  express  self-induction  in  quadrants  within  one  per  cent,  you 
have  got  to  go  to  the  second  or  third  decimal  place.  Therefore, 
in  order  to  express  all  common  values  in  whole  numbers,  which 
ifl  desirable,  it  will  be  necessary  to  fix  the  Henry  at  about  one-thou- 
sandth of  the  quadrant.  Then  we  should  very  seldom  have  to 
use  decimal  fractions  in  expressing  the  value  of  self-induction.  I 
merely  state  these  points  in  order  that  the  Institute  may  be  in- 
formed HS  to  the  progress  of  our  work  and  the  general  facts  of  the 
case.  I  think  the  matter  better  lay  business  over  until  the  next 
meeting  when  we  expect  to  be  able  to  report. 

The  jPresident  : — The  next  business  will  be  the  reading  of  a 
paper  by  Dr.  Louis  Bell  upon  "  The  Theory  of  Compound  Wind- 
ing for  Constant  Potential." 
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ON  THE  THEOEY  OF  COMPOUND    WINDING  FOR 
CONSTANT  POTENTIAL. 


BY  DR.  LOUIS  BELL. 


I  wish  to  preface  this  paper  by  stating  that  there  is  rn  it  noth- 
ing revolutionary,  nor  any  radically  novel  attempt  to  discuss  a  prob- 
lem that  has  already  been  treated  by  more  skilful  hands  than 
mine.  It  is  simply  an  effort  to  bring  the  theory  of  compound 
winding  to  a  practical  basis,  indulging  in  no  complicated  formulae 
and  introducing  no  constants  that  can  not  be  conveniently  deter- 
mined in  practice.  To  this  end  1  shall  consider  the  subject  syn- 
thetically rather  than  analytically,  starting  from  the  plain  shant 
winding  and  considering  those  terms  which  must  be  introduced 
to  take  account  of  the  failure  of  shunt  winding  to  give  constant 
potential.  I  do  not  think  that  compound  winding  should  be  con- 
sidered as  anything  more  than  a  method  of  improving  a  shunt 
machine  already  well  designed  ;  it  certainly  never  should  be 
called  upon  to  avoid  the  evil  effects  of  bad  design. 

For  the  systematic  treatment  of  the  subject  I  would  introduce 
the  following  notation,  which  differs  slightly  from  that  most  of- 
ten employed,  but  is  convenient  for  the  purpose  in  hand. 
Let  C^x  represent  the  current  on  the  line ; 

6^a,  the  current  in  the  shunt  coils ; 

li,  the  resistance  of  shunt  coils ; 

7*,  the  resistance  of  armature  and  series  coils  combined  ; 

E^  the  E.M.  F.  of  the  machine  running  light ; 
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6^  the  fall  of  potential  due  to  armature  resistance ; 

iT,  the  number  of  convolutions  in  shunt  coils ; 

71,  the  number  of  convolutions  in  series  coils ; 

m^  the  number  of  convolutions  on  armature ; 

a,  J,  <?,  the  three  terms  of  n ; 

Z,  the  angle  of  lead ; 

y,  the  magnetic  resistance  of  machine  on  open  circuit; 

^x,  the  magnetic  resistance  of  machine  at  full  load,  and 

jP,  the  value  of  y,  divided  by  q, 
I  shall  consider  especially  the  long  shunt  arrangement,  though^ 
as  will  be  seen  later,  the  short  shunt  leads  to  practically  the  same 
results. 

The  first  and  obvious  cause  of  fall  of  potential  at  the  terminals 
of  the  machine  is  due  to  the  fact  that  the  armature  has  a  resist- 
ance ;  as  the  current  increases,  a  certain  amount  of  potential  is 
absorbed  in  the  armature,  and  consequently  the  available  b.  m.  f. 
at  the  terminals  falls.  The  amount  of  decrease  is  evidently  pro- 
portional to  the  resistance  in  the  armature  and  the  current 
through  it. 

To  compensate  this  loss  we  must  furnish  an  increase  of  induc- 
tion sufficient  to  produce  e  additional  e.  m.  f.  If  the  field 
magnets  and  the  armature  core  were  quite  unsaturated,  that  is, 
if  we  could  neglect  to  change  in  permeability,  we  should  simply 
increase  the  total  ampere-turns  to  an  amount  sufficient  to  com- 
pensate the  fall  in  potentiaL  Let  a  be  the  series  turns  capable 
of  producing  this  at  full  load,  neglecting  change  in  permeability, 
then 

Nr 

But  the  permeability  decreases  as  we  put  on  this  additional  in- 
duction. The  magnetic  resistance  q  at  the  start  will  have  in- 
creased to  a  certain  other  value  q^.  We  must  therefore  increase 
the  number  of  series  turns  to  take  account  of  this  added  resistance, 
and  we  have 

It  will  be  observed  that  this  quantity  does  not  have  to  be 
multiplied  by  the  coefficient  of  leakage  because  we  have  simply 
reduced  the  shunt  turns  to   equivalent  series  turns,  and  conse- 
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queutly  have  already  included  it.  This  formula  will  be  at  once 
recognized  as  practically  equivalent  to  that  given  by  Thompson 
in  his  well-known  book,  and  at  this  point  Thompson  drops  the 
investigation,  merely  mentioning  incidentaUy  some  of  the  other 
causes  which  necessitate  compounding.     Thompson's  formula : 

is  not  quite  the  same  as  mine  for  the  reason  that  while  his  ^q 
is  proportional  to  the  permeability  when  there  is  no  external  ctir- 
rent,  his  q^  is  proportional  not  to  the  permeability  at  maximum 
current,  but  to  the  mean  permeability  between  no  load  and  full 
load.  Hence  if  Z  is  taken  as  the  number  of  shunt  turns  re- 
quired to  give  the  desired  potential  on  open  circuit,  Thompson's 
formula  will  inevitably  give  too  few  series  turns  for  the  reason 
just  mentioned,  if  for  no  other.  But  since  by  adding  series 
turns  the  magnetic  resistance  is  increased,  the  shunt  winding 
which  produces  E  volts  on  open  circuit  will  not  do  so  at  full 
load.  Additional  series  turns  mUst  then  be  employed  to  com- 
pensate for  this  and  since  the  change  in  shunt  ampere  turns 
must  be  from  NO  to  NGp^  the  number  of  series  turns  to  be 
added  to  compensate  for  the  decreased  effect  of  the  shunt  will  be 


This  term  also  includes  the  coefficient  of  leakage  for  the  same 
reason  as  before. 

It  will  be  noticed  that  both  a  and  i  include  the  quantity  jp, 
and  here  is  met  the  principal  difficulty  in  effecting  the  com- 
pounding. It  is  my  purpose  to  show  that  this  quantity  j?  can  be 
obtained  from  known  data  with  sufficient  accuracy  for  the  pur- 
pose in  hand.  It  will  evidently  be  a  quantity  little  in  excess  of 
unity  and  in  practical  machines  may  range  from  1.05  to  1.50, 
although  in  certain  cases  it  may  even  exceed  the  latter  figure. 
Thompso!!  gives  the  case  of  a  certain  Siemens  compound  ma- 
chine in  which  p  would  be  over  three.  This,  however,  mnsthave 
had  a  ^qyw  insufficient  amount  of  iron  in  the  magnets  or  the 
armature  core,  or  both.  We  fortunately  do  not  have  to  deal 
with  dynamos  of  such  bad  design  very  frequently.  Provided 
we  have  known  enough  about  the  iron  to  be  used  in  a  given 
machine  to  design  the  shunt  winding  intelligently,  we  shall  also 
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know  enough  to  design  the  compound  winding.     If  we  have  at 

hand  the  characteristic  curve  of  a. similar  shunt  machine,  p  can 

be  determined  very  easily  from  it.     I  give  herewith  the  data  for 

the  Manchester  machine  described  by  Dr.  Hopkinson.     I  have 

simply  taken  the  apparent  permeability  from  his  characteristic 

curve. 

induction 
Wlien  magnetizing  force  equah  1 ,000  - 


* 

magnetizing  force 

2,000 

465 

a,ooo 

46U 

4,000 

460 

5,000 

460 

6,000 

451 

7,0(  0 

443 

8,000 

425 

9,000 

400 

10,000 

377 

11,000 

853 

12,000 

333 

If  the  permeability  curve  of  the  iron  is  known  even  approxi- 
mately we  can  obtain  p  from  it  quite  readily.  In  Plate  1,  let  a  h 
be  the  permeability  curve.  The  permeability  at  no  load  cor- 
responds to  the  point  </,  that  at  full  load  to  the  point  f.  Now 
lay  off  the  ordinate  d  e  so  that  the  i-atio  between  d  e  and  c  d 
equals  the  ratio  between  the  iron  resistance  and  the  air  rcvsistance 
of  the  proposed  machine,  then  layoff  from  the  pointythe  ordinate 
fg  equal  to  d  e,  and  draw  ff  h.  Then  the  ratio  of  the  lengths  h  c  and  e 
c  corresponds  to  the  quantity jt?  required.  Plate  2,  drawn  from  Hop- 
kinson's  figures,  gives  numerically  the  change  in  penneability  for 
cast-iron.  The  figures  relating  to  the  Manchester  machine  were, 
of  course,  for  wrought-iron  cores  and  cast-iron  poles.  It  is  thus 
evident  that  a  rather  close  approximation  to  the  value  of  7>  can  be 
made  if  we  know  anything  about  the  iron  that  we  are  going  to 
use.  Now  as  we  shall  see  later,  and  as  is  indeed  evident  at  the 
start,  a  and  b  are  of  about  the  same  order  of  magnitude.  I  do 
not  think  that  b  will  ever  be  negligible  in  a  practical  machine  un- 
less a  is  also  negligible,  and  there  is,  therefore,  little  need  for  com- 
pounding. When  the  magnets  are  anywhere  near  saturation  b 
will  be  much  larger  than  «,  but  both  a  and  b  combined  will 
not  give  the  proper  number  of  series  turns  for  constant  potential 
unless  the  armature  is  run  with  no  load,  and  therefore  produces 
no  demagnetizing  effect.  The  approximate  demagnetizing  effect  of 
the  armature  has  been  investigated  by  Hopkinson  and  is  as  fol- 
lows: 
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In  other  words,  it  is  due  to  the  convolutions  included  in  twice 
the  angle  of  lead.  For  constant  potential  we  must  add  then  c 
turns  in  series  equal 

I 


It  is  evident  at  once  that  a  change  in  lead   will  affect  the  com- 
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pounding;  an  increased  lead  will  cause  the  machine  to  under- 
compound,  a  decreased  lead  to  over-compound.  As,  however, 
the  amount  of  distortion  in  the  field  depends  largely  on  the 
shape  of  the  extremities  of  the  pole-pieces,  the  above  uncertain 
factor  in  compounding  can  often  be  gotten  rid  of  by  a  little  care 
in  designing  the  poles. 

It  is  obvious  that  the  term  c  is  to  include  the  coefficient  of 
leakage.  Uniting  now,  the  three  terms,  a,  5  and  c,  we  have 
filially,  as  the  completed  formula  for  compound  winding,  the  fol- 
lowing :  ^  , 
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n  =p 


Xr 
Ji 


I 


+vm^ 


It  now  may  be  interesting  to  see  how  well  this  formula  ap- 
plies to  practical  machines.  I  regret  to  say  that  I  have  been  un- 
able to  get  full  details  of  any  machine  which  gave  exact  com- 
pounding, but  I  have  obtained  an  assortment  sufficiently  large  to 
show  in  a  general  way  the  application  of  the  formula. 
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Machine  No.  1,  110  volts,  8  amperes,  over-cohipounded  2  volts. 
For  this  small  machine  take  j)  equal  to  1.2.  Applying  the 
formula,  a  equals  14,  I  equals  44,  c  equals  15  ;  total  series  turns 
by  formula,  73  ;  actual  immber,  90. 

Machine  No.  2,  110  volts,  »3  amperes,  over-compounded  3  to  5 
volts ;  a  equals  2,  b  equals  7,  e  equals  7 ;  total  series  turns  by 
formula,  16  ;  actual  number,  28. 

Machine  No.  3,  500  volts,  20  amperes ;  j)  equal  to  1.1,  a  equals 
3,  b  equals  15,  c  equals  14 ;  total  turns  by  formula,  33,  actual 
number,  60.     Machine  over-compounded  3  to  5  volts. 
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Machine  No.  4,  110  volts,  200  amperes,  over-compounded  5. 
volts;  p  equals  1.05  ;  lead  rather  large;  a  eqaals  2,  b  equals  2, 
o  equals  5 ;  total  turns  required,  9 ;  actual  number,  12. 

Machine  No.  5,  500  volts,  60  amperes;  p  eqaals  1.05,  ovei^ 
compounded  about  7  per  cent,  a  equals  3,  h  equals  5,  c  equals  4 ; 
total  12 ;  actual  number,  33, 

Machine  No.  6,  500  volts,  90  amperes;  p  equals  1.05  ;  a  equals 
3,  b  equals  4,  c  equals  4 ;  total  turns  should  be  11 ;  actual  num- 
ber, 19.    Machine  over-compounded  like  the  former. 

Machine  No.  7,  500  volts,  150  amperes,  p  equals  1.05 ;  over- 
compounded  7  per  cent,  a  equals  3,  b  equals  3,  c  equals  3 ;  total, 
9 ;  actual  number  of  turns,  28. 

Machine  No.  8, 100  volts,  30  amperes,  j?  equals  1.1,  a  equals 
13,  b  equals  46,  c  equals  25 ;  total,  84 ;  actnal  turns,  56.  Machine 
over-compounded  about  2  volts,  and  the  shunt  winding  did  not 
bring  the  potential  up  to  the  100  volts  intended. 

These  are  merely  rough  figures,  obtained  without  the  use  of 
even  the  permeability  curve  of  the  iron — simply  by  estimation 
from  permeability  curves  at  hand.  It  will  be  seen,  however, 
that  all  the  over-compounded  machines  got  from  the  formula  too 
few  series  turns,  while  the  under-compounded  machine  gave  too 
many.  I  think  that  the  discrepancy  is  of  about  the  right  order 
of  magnitude,  although  we  cannot  verify  it  accurately  without 
the  curve  of  the  iron. 

It  remains  to  consider  some  few  further  points  regarding  com- 
pounding. If  the  winding  is  designed  to  give  the  same  potential  at 
practically  no  load  and  at  full  load,  it  necessarily  follows  that  at 
some  point  between,  the  potential  will  rise ;  for,  while  the  mag- 
netizing force  changes  along  a  line,  the  magnetic  resistance 
changes  along  the  corresponding  curve  between  the  same  points. 

An  approximate  idea  of  the  amount  of  irregularity  in  poten- 
tial may  be  gained  from  Fig.  1.  Connect  in  this  diagram  d  and 
f  by  a  straight  line.  From  its  middle  point  drop  an  ordinate 
upon  the  axis.  The  length  intercepted  between  the  straight  line 
and  the  permeability  curve  then  gives  the  error  in  compounding, 
by  comparison  with  the  total  change  of  magnetic  resistance. 

It  sliould  be  noted  that  the  formula  I  have  given  determines 
the  compound  winding  for  a  given  assumed  potential  produced 
by  a  shunt  coil  alone  ;  therefore,  if  the  machine  is  to  be  run  at  a 
slightly  different  speed  from  that  at  first  intended  to  produce 
this  given  voltage,  the  compounding  is  still  correct,  for  it  per- 
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tains  to  the  voltage,  rather  than  to  the  speed.  If  the  speed  of  a 
correctly  compounded  machine  be  raised  and  the  current  in  the 
ahunt  kept  constant,  it  will  tend  to  over-componnd.  If  the  cur- 
rent in  the  shunt  is  allowed  to  increase,  the  change  in  resistance 
will  decrease  the  relative  power  of  the  series  coils,  and  the  ma- 
chine will  under-corapoimd. 

It  now  only  remains  to  glance  at  some  of  the  f ormnlse  hereto- 
fore given.  That  of  Thompson  I  have  already  incidentally  dia- 
cnssed.  That  of  Fr5lich  (perhaps  the  best  we  have  had)  should 
receive  mention  here.  Fr5lich  takes  account  of  the  change  in 
permeability  by  introducing  a  quantity  yi  Like  Thompson,  hia 
formuks  involve  two  points  of  saturation.  It  should  be  said 
here  that  there  is  no  special  black  magic  about  the  half  saturation 
point  of  a  dynamo,  any  more  than  about  the  three-sevenths  or 
the  seven-thirteenths  saturation  point  In  very  many  cases  it 
happens  to  be  about  the  ]>oint  at  which  the  machine  is  used. 
Kapp,  in  his  well-known  and  excellent  book,  takes  account  of 
the  change  in  permeability  with  a  fair  degree  of  approximation, 
by  the  use  of  his  tangent  function. 

All  these  attempts  at  the  proper  theory  of  compounding^  de- 
pend, like  the  one  which  I  have  just  presented,  on  forming  some 
sort  of  an  estimate  on  the  change  in  magnetic  resistance  of  a  dy- 
namo, due  to  adding  a  certain  amount  of  induction.  Without 
some  approximate  method  of  finding  this  quantity,  the  problem 
is  indeterminate,  and  the  special  thing  which  I  have  endeavored 
to  show  is  that  from  the  data  already  at  hand  about  iron,  we  can 
form  a  suflSciently  close  estimate  of  the  value  of  the  coeflScient 
^,  without  either  knowing  the  characteristic  of  the  machine,  or 
indulging  in  endless  approximations.  I  hope  that  some  practical 
designer  will  look  into  the  values  that  p  takes  in  his  machines, 
and  I  believe  that  it  can  be  readily  enough  obtained  to  permit  of 
quite  accurate  compounding,  by  the  use  of  the  formula  I  have 
given.  The  introduction  of  the  terms  h  and  c  I  regard  as  im- 
portant. Their  existence  has  been  well  known,  but  I  do  not 
think  they  have  received  the  attention  that  I  have  endeavored  to 
to  show  they  deserve. 


[Note  Communicated  by  Dr   Bell  since  the  Discussion.] 

I  am  much  indebted  to  Mr.  J.  B.  Entz  for  calling  attention, 
in  the  course  of  the  discussion  to  an  apparent  increase  in  the  mag* 
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netic  resistance  of  the  air  gap  as  the  load  is  increased.  I  say  ap- 
parent increase,  because  it  is  hard  to  separate  increase  of  mag- 
netic resistance  from  counter  magnetomotive  force  supposed  by 
some  to  be  caused  even  while  the  armature  is  running  without 
load.  In  applying  a  formula  similar  to  my  own,  and,  like  it,  in- 
cluding change  in  permeability  and  armature  reaction  as  well  as 
armature  resistance,  Mr.  Entz  found  that  his  formula  gave  only 
about  80  per  cent,  of  the  series  turns  actually  required.  This  was 
in  the  case  of  Edison  machines,  and  while  not  knowing  the  exact 
character  of  his  formula  I  am  unable  to  compare  it  fully  with  my 
own,  lam  inclined  to  agree  with  him  that  the  observed  discrep- 
ancy is  pi'obably  due  to  increase  of  the  resistance  of  the  air  space 
rather  than  to  counter  magnetomotive  force.  It  has  been  before 
this  pointed  out,  that  while  a  dynamo  is  running,  the  lines  of 
force  do  not  pass  radially  across  the  air  space,  but  are  skewed  by 
the  magnetism  of  the  armature  so  that  the  actual  path  must  be 
somewhat  greater  than  the  apparent  one.  I  am  surprised,  how- 
ever, that  the  diflference  should  reach  the  amount  observed.  It 
certainly  would  not  do  so  in  machines  like  the  AVenstrom,  having 
a  very  small  air  space.  The  total  eflFect  on  the  magnetic  resist- 
ance of  the  machine  would  be  of  course  proportional  to  the  ratio 
between  the  magnetic  resistance  of  the  iron  and  of  the  air  gaps, 
and  would  increase  when  the  relative  value  of  the  latter  increased. 
The  amount  of  increase  of  air  resistance  due  to  increased  load 
probably  varies  quite  systematically  with  the  ratio  of  armature 
ampere  turns  to  field  ampere  turns,  but  the  exact  amount  of  this 
variation,  disturbed  as  it  is  by  the  effect  of  the  polar  extremities, 
is  a  subject  for  further  investigation.  If  the  lines  of  force  were 
skewed  45  or  even  30  degrees  from  a  radial  direction  over 
any  considerable  portion  of  the  air  gap  there  would 
certainly  be  a  very  perceptible  effect  on  the  magnetic  resistance  of 
the  dynamo.  In  any  case,  however,  if  the  amount  of  skewing 
can  be  even  roughly  estimated  this  added  magnetic  resistance  can 
very  readily  be  taken  account  of  in  the  formula  I  have  proposed. 
To  do  this  it  would  only  be  neeesear  y  to  take  account  of  the  change 
in  laying  out  the  line/  g  in  Plate  1 .  On  drawing  (/  h  we  should 
then  have  a  value  of  ^,  includino;  the  change  in  resistance  due  to 
the  cause  mentioned.  I  shall  take  up  this  question  in  detail,  for  a 
sufficiently  simple  and  convenient  method  of  estimation  can 
|)robably  be  found  that  will  enable  the  correction  to  be  introduced 
i-ito  my  formula  by  the  above  very  easy  method  so  as  to  give 
a  result  sufficiently  exact  for  all  practical  purposes. — L.  B. 
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Discussion. 

Mb.  Townsend  Woloott  : — In  the  paper  bv  Mr.  Esson,  which 
was  published  in  the  lilectrical  Worlds  there  is  a  formula  given 
for  compounding  machines,  or  rather  a  variation  of  the  ordinary 
formula  for  calculating  the  field  turns.  Mr.  Esson  adds  to  the 
formula  of  Hopkinson  another  term  consisting  of  thiry-three  per 
cent,  of  the  ampere  turns  on  the  armature.  There  is  one  other 
term  however  in  a  compound  machine.  This  thirty-three  per 
cent,  of  the  ampere  turns  does  not  take  into  consideration  the  Joss 
of  potential  due  to  resistance  of  the  armature.  Mr.  Esson  says 
that  in  his  Phoenix  dynamo  he  adds  165/1000  of  the  number  of 
Armature  turns  to  each  field  coil.  That  is  to  compensate  for  the 
resistance  in  the  armature,  and  backward  induction  has  rather 
more  effect  in  reducing  the  potential  of  the  terminals  than  the 
armature  resistance  has,  and  he  stated  that  in  the  Victoria  dynamo 
it  is  about  twice  as  great.  In  connection  with  that  backward  in- 
duction I  would  like  to  make  another  remark.  According  to  the 
figures  of  Mr.  Esson  and  some  others,  the  backward  induction 
from  a  Gramme  armature  is  greater  than  from  a  Siemens,  which 
is  contrary  to  what  we  would  expect.  By  ampere  turns  on  the 
armature  he  means  one  half  the  product  of  the  convolutions  by 
the  current.  Now  in  a  Gramme  armature,  each  turn  surrounds 
only  half  the  iron  in  the  armature,  while  'in  the  Siemens  it  sur- 
rounds the  whole  iron.  But  as  a  practical  fact  Mr.  Esson  thinks 
that  thirty-three  per  cent,  for  the  Gramme  armature  is  about 
right.  I  would  like  Dr.  Bell's  opinion  on  that  subject,  as  I  see 
he  does  not  use  a  term  of  that  kind. 

Dr.  Bell  : — When  it  comes  to  the  question  of  armature  re- 
sistance and  the  relative  effect  of  armature  resistance  and  the 
armature  turns,  it  depends  entirely  upon  the  type  of  machine,  as 
I  showed  by  the  figures  there.  The  attempts  that  have  generally 
been  made  to  compound  have  consisted  in  a  sort  of  guessing  at 
what  was  about  the  right  proportion  and  finding  it  experiment- 
ally for  one  type  of  machine.  Once  found,  it  holds  fairly  well 
for  that  type.  Now  my  term  c  takes  care  of  the  armature  turns 
and  the  term  a  takes  care  of  its  resistance.  I  think  the  reason 
why  Mr.  Esson  found  the  Gramme  armature  gave  more  distortion 
to  the  field  was  due  to  the  fact  that  the  Gramme  armature  admits 
of  forming  definite  poles,  so  to  speak  more  readily.  It  is  not  in 
this  case  cross-magnetizing  a  cylinder  of  iron  of  considerably 
greater  length  than  diameter,  but  it  is  magnetizing  the  ring  so  as 
to  get  one  pole  at  each  brush,  which  I  think  gives  a  rather  more 
definite  pole  at  that  point  and  makes  more  trouble  in  the  field. 
Now  its  effect  for  the  same  number  of  ampere  turns  in  produc- 
ing backward  induction  may  be  the  same.  As  a  matter  of  fact  I 
think  the  Gramme  armature  produces  a  greater  disturbance  of 
the  field  and  therefore  must  run  with  more  lead.  Therefore  the 
termi  would  be  larger.  Digitized  by  GoOgle 
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Mr.  Wolcx)tt  : — It  would  seem  to  me  that  the  two  thin^ 
were  nearly  Bynonyinous — the  backward  induction  and  the  dis- 
tortion of  the  neld.  In  consequence  of  the  tendency  of  the  ar- 
mature to  form  poles  cross-wise,  there  results  a  distortion  of  the 
field.  That  is  what  we  call  the  backward  or  cross-induction, 
as  I  understand  it,  and  as  the  intensity  of  induction  is  always  less 
in  the  Siemens  armature,  it  would  seem  that  the  variations  of  the 
amperes  would  naturally  cause  greater  variations  in  that  part  of 
the  magnetism  of  the  armature  which  is  due  to  the  current  in  the 
armature  wire.  The  Gramme  armature  has  usually  double  the 
induction  of  the  Siemens,  unless  the  latter  is  made  with  tlie 
centre  cut  out. 

Dr.  Bell  : — The  backward  induction  and  the  distortion  are 
two  totally  different  things.  The  presence  of  the  distortion  is 
the  unfortunate  cause  oi  the  backward  induction.  Of  course 
they  are  really  due  to  the  same  ampere  turns ;  but  if  there  is 
anything  that  causes  a  violent  local  distortion  of  the  field  it  will 
raise  sudi  trouble  about  sparking  that  we  shall  have  to  set  the 
brushes  over,  and  in  doing  that,  shall  have  the  plane  of  magnet- 
ization of  the  armature  so  that  it  produces  a  severe  backward  in- 
duction. If  we  so  arrange  the  pole-pieces  that  there  will  not  be 
any  sparking  to  speak  oi,  jou  can  run  any  kind  of  an  armature 
you  please  and  run  it  in  either  direction  and  it  will  not  spark,  and 
you  can  set  the  brushes  without  lead.  If  you  arran^  the  pole- 
pieces  so  that  you  can  get  a  certain  amount  of  distortion  witnout 
causing  sparking  you  need  not  trouble  yourself  very  much  about 
the  backward  induction. 

Mr.  a.  E.  Kennelly  : — I  wish  to  point  out  one  thin^,  namely 
that  It  is  good  practice  to  over-compound  dynamos — for  this  reason: 
that  you  seldom,  if  ever,  have  your  delivery  at  the  machine  ter- 
minals. If  your  attention  be  confined  to  the  point  of  delivery, 
say  a  mile  away  from  the  dynamo,  it  may  be  interesting  to  know 
that  under  all  loads  that  dynamo  is  delivering  a  constant  poten- 
tial difference  at  its  terminals,  but  if  you  have  to  maintain  a  con- 
stant potential  difference  at  your  feet,  the  fact  that  the  potential 
difference  is  constant  at  the  machine  terminals  does  not  altogether 
help  you.  Therefore  if  you  over-compound  your  machine  so  as  to 
take  care  of  the  fall  of  potential  in  your  conducting  wire,  which  is 
in  a  certain  sense  a  resistance  of  the  armature  according  to  the  ex- 
tended view  that  the  author  of  the  paper  to  night  gives,  by  in- 
cluding a  series  winding  with  the  armature,  you  then  have  the 
means  of  maintaining  the  potential  difference  constant  at  your 
point  of  delivery.  If  the  resistance  of  the  leads  to  your  supply 
is  not  definite  or  constant,  theti  you  cannot  so  compound  the  ma- 
cliine  as  to  g^ive  a  constant  delivery  of  potential  difference,  be- 
cause one  of  the  factors  is  a  variable,  h  or  that  reason  the  only 
scnirce  of  adjustment  left  you  is  a  shunt,  for  example,  npon  the 
series  winding.  That  is  an  arrangement  which  is  comparatively 
familiar.     And  while  the  paper  gives  us  very  deftly  and  ex- 
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plicity  three  of  the  prominent  factors  that  are  necessary  to  take 
into  account  for  the  compounding  of  machines,  I  think  that  the 
fourth  factor  deserves  some  attention.  Also  the  third  terra  c  is 
really  only  an  approximation — c  is  more  complicated  than  that 
looks  unfortunately ;  although,  perhaps  the  complication  is  not 
of  very  great  practical  importiance. 

Dk.  Bkll  : — Mr.  Kennelly  is  quite  right  in  saying  that  it  is  de- 
sirable to  over-compound  a  machine,  and  of  course  by  including 
the  resistance  of  the  line  in  that  small  r  you  have  got  the  com- 
pounding for  a  distant  point  as  has  been  pointed  out  by  Thomp- 
son. We  need  some  slight  further  change  in  the  formula,  how- 
ever, becaase  you  still  further  increase  the  saturation,  and  there- 
fore the  value  of  ^  would  rise  slightly;  but  if  you  know  about 
how  much  you  want  to  over-compound  the  machine,  you  can  ap- 
ply the  formula  iust  as  readily  to  over-compound  for  a  given  lise 
of  potential  as  for  straight  compounding.  It  simply  requires 
using  a  different  value  of  your  induction.  The  armature  term  ia 
unfortunately  more  complicated ;  but  the  term  c  is  a  fair  approxi- 
mation to  it  in  ordinary  cases.  The  cross-induction  in  the  arma- 
ture, particularly  where  the  amount  is  considerable,  assumes  a 
very  aisagreeably  complex  form,  but  that  is  perhaps  as  ready  an 
approximation  as  the  present  state  of  the  art  admits,  and  I  have 
omitted  together  with  the  further  complications  of  the  armature, 
a  considerable  number  of  small  periodic  terms,  etc.,  which  are  of 
the  second  order  compared  with  those  three  more  prominent 
ones. 

Me.  Crocker  : — I  agree  with  Mr.  Kennelly  that  the  formula 
for  practical  purposes,  ought  to  consider  the  line  of  resistance 
just  exactly  as  much  as  the  armature  resistance,  and  there  always 
IS  some  line  resistance  with  every  armature  resistance  in  practical 
cases.  A  maker  should  either  have  his  machines  compounded 
with  reference  to  the  use  they  are  to  be  applied  to  or  adopt  an  ap- 
proximate over-compounding  which  would  apply  to  most  cases. 
We  know  that  most  isolated  plants  ought  not  to  nave  over  live  per 
cent,  drop  between  the  dynamo  and  lamps  and  they  rarely  have 
less  than  three  per  cent,  drop;  therefore  four  per  cent,  over-com- 
pounding would  probably  be  within  one  per  cent,  of  right  in 
most  practical  cases.  I  would  also  like  to  say,  in  regard  to  the 
third  term  c  of  Dr.  Bell's  formula  th;it  it  may  have  considerable 
value  without  any  distortion  at  all.  The  brushes  can  stand 
practically  at  right  angles  to  the  line  joining  the  centres  of  the 
pole-pieces  and  yet  that  ''back- induction"  as  it  is  called  will  still 
nave  a  very  considerable  effect  in  reducing  the  e.  m.  f.  I  have 
some  ideas  on  that  subject  and  I  am  now  proving  them  experi- 
mentally.  As  to  "back-induction"  I  think  that  is  a  very  unfor- 
tunate name.  I  consider  ''back-magnetization"  better.  Tlie  word 
induction  is  over  burdened,  I  think.  It  is  used  in  "static-induc- 
tion," *'8elf-induction"  and  "mutual  induction"  as  well  as  in  its 
ordinary  sense. 
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Mb.  Justus  B.  Entz  : — 1  have  used  that  formula  and  compar- 
ed it  with  the  averages  of  about  three  thousand  machines  of  the 
Edison  Company.  These  averages  were  revised  about  every  six 
months  and  after  a  while  there  might  be  a  difference  of  about 
one  quarter  per  cent,  between  them ;  and  in  no  case  did  that 
formula  give  more  than  80  per  cent,  of  the  additional  ampere 
turns  necessary  for  compounding.  I  got  an  exact  measurement 
of  the  angular  movement  brushes  on  the  machine.  I  knew  the 
point  on  the  curve  of  the  dvnamo  as  we  call  it.  That  is  to  say 
the  percentage  of  increased!  magneto  motive  force  necessary  for 
one  per  cent,  increase  of  lines  ol  force.  Say  the  ratio  of  the  in- 
crease of  ampere  turns  to  the  increase  of  magnetism,  and  most  of 
them  were  at  such  a  point  on  their  characteristic  curve  that  it 
requires  about  two  percent,  additional  ampere  turns  of  the  field  to 
raise  the  voltage  of  the  machine  \%.  If  we  had  five  per  cent, 
drop  in  the  machine  at  the  point  2  to  1  on  the  curve,  it  would 
need  for  that  ten  per  cent,  more  armature  turns.  The  term  c  is 
taken  nearly  the  same  way  it  is  there,  and  is  added  to  the  arma- 
ture term  a.  But  there  is  an  additional  leakage  from  the  pole- 
pieces  due  to  the  back  ampere  turn  in  the  armature  which  is  also 
calculated  from  knowing  the  point  on  the  curve.  But  in  no  case 
did  the  sum  of  these  terms  come  over  80  per  cent. 

Dr.  Bell  : — May  I  ask  how  you  got  the  value  of  ^? 

Mb.  Entz  : — I  say  I  took  the  tenn  a  and  h  as  one.  I  found  by 
actual  test  on  the  machine  just  what  per  centage  of  ampere  turns 
was  necessary  for  a  given  increase  in  voltage  or  for  a  given  in- 
crease in  induction. 

Dr.  Bell: — I  do  not  quite  understand  whether  you  got  that 
term  p  at  all.  If  you  did  not  take  the  term  p  corresponding  to 
the  real  magnetic  resistance,  of  course  you  would  not  get  a  cor- 
rect result. 

Mr.  Entz  : — It  was  taken.  You  have  got  a  simple  ratio  of 
magnetic  resistance  between  no  load  and  full  load.  Say  the  re- 
sistance of  the  total  circuit  has  increased  at  the  rate  of  two  per 
cent,  for  one  percent,  increase  of  induction  in  the  machine,  tnat 
would  correspond  to  a  point  of  3  to  1  on  the  curve,  and  the  am- 
pere turns  would  have  to  be  increased  two  per  cent,  for  the  in- 
creased resistance  of  the  magnetic  circuit  plus  one  per  cent,  for 
the  increased  lines. 

Dr.  Bell  : — That  makes  it  a  linear  increase,  which  it  certainly 
is  not. 

Mr.  Entz  : — Of  course  it  varies.  It  is  a  curve  like  any  satura- 
tion curve,  and  is  different  for  different  voltages  of  the  same 
machine.  For  instance  if  the  iron  is  at  such  a  point  that  for  one 
per  cent,  increase  of  induction  its  resistance  increases  two  per  cent., 
then  in  calculating  the  additional  ampere  turns  necessary,  they 
would  be  directly  proportional  to  the  drop  in  volts  for  the  air 
magnetic  circuit,  and  they  would  be;  not  directly  proportional  for 
the  iron  circuit  but  proportional,  to  the  increased  induction  times 
the  increased  resistance  of  the  iron.  ^.  .^.^^^  ^  GoOqIc 
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Dr.  Bell  : — I  think  I  see  the  difficulty  now.  If  you  compound 
the  air  resistance  and  the  iron  resistance,  you  will  get  the  appar- 
ent permeability  of  the  machine,  as  you  seem  to  have  done  in  that 
case.  You  could  have  any  given  value  as  saturation,  a  certain 
definite  value  of  the  ampere  turns,  but  that  is  not  at  all  getting 
to  the  pointy  in  the  formula. 

Mr.  Entz  : — I  know.  You  have  got  a  quantity  there  for  j>  of 
about  1.1.  If  the  drop  in  that  machine  were  nve  per  cent,  it 
would  mean  that  the  magnetic  resistance  of  that  machine  had  in- 
creased ten  per  cent,  what  I  would  call  three ;  1  on  the  curve.  It 
comes  to  exactly  the  same  thing. 

Dr.  Bell: — But  how  do  you  account  for  the  extra  ampere 
turns  required  ? 

Mr.  Entz  — I  do  not  think  the  lines  of  force  stand  in  the  same 
plane. 

Dr.  Bell  : — In  other  words  you  think  there  is  a  specific  increase 
of  resistance  due  to  the  induction  of  the  armature  ? 

Mr.  Entz  : — No  ;  due  to  the  tension  of  the  lines. 

Dr.  Bell  : — Due  rather  to  the  cross-induction  of  the  armature 
— ^skewing  the  line  so  to  speak. 

Mr.  Entz  : — Yes,  due  to  the  line  being  dragged  around  after 
the  armature,  and  1  found  a  constant  to  express  those  terms 
which  is  proportional  to  the  current  intensity  of  the  armature 
over  the  magnetic  intensity  of  the  field. 

Dr.  Bell  : — Have  you  tried  that  formula  on  any  exactly  com- 
pounded machine  ? 

Mr.  Entz — On  an  exactly  coinpounded  machine. 

A  Member  : — How  does  Dr.  Bell  calculate  the  angle  of  lead  ? 
Ina  caselhad  the  otlier  day,  in  a  10,000  watt  machine  a  and  c 
were  exactly  equal. 

Dr,  Bell  : — You  can  get  the  angle  of  lead  in  any  type  of  ma- 
chine that  you  know  anything  about,  quite  approximately.  For 
instance  in  a  machine  tnat  1  nad  to  consider  it  varied  from  ^  to 
^  n.  Now  if  the  cross-induction  is  really  a  large  quantity 
with  no  lead  at  all,  that  would  fully  account  for  all  the  discrep- 
ancies we  have  just  considered,  'f  hen  you  could  not  determine 
any  armature  turns  that  would  account  for  it  at  all.  But  that 
does  represent  it  approximately,  I  think,  though  it  would  be  too 
small  rather  than  too  large. 

Mr.  Entz  : — If  the  brush  was  kept  on  the  neutral  line  accord- 
ing to  that  formula  the  volts  would  only  drop  due  to  the  drop  of 
the  armature.     That  is  if  the  field  was  independently  excited. 

Dr.  Bell: — Pius  possible  distortion  that  you  mentioned. 

Mr.  Entz  : — I  say  that  is  so  according  to  that  formula,  but  it  is 
not  so,  because  I  have  tested  machines  in  that  way. 

Dr.  Bell  : — That  is  probably  due  to  the  increase  of  resistance 
in  the  air  space.  oi„.ed  by  GoOgk 
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Mr.  Entz  : — That  is  what  I  think.  I  do  not  think  the  lines 
stand  in  the  same  place  as  at  no  lead. 

Mb.  Mailloux  : — With  regard  to  the  role  played  by  the  arma- 
ture current.  I  hold  views  similar  to  those  just  advanced  by 
Mr.  Entz ;  and  in  endeavoring  to  analyze  the  reactions  occuring 
there,  I  have  for  some  years  past  been  accustomed  to  consider  the 
change  of  magnetic  resistance  under  different  conditions  as  being 
due  to  the  change  of  path  of  the  magnetic  lines  of  force.  The  phe- 
nomenon is  indeed  one  whichhasbeen  long  since  well  recognized. 
If  I  am  not  mistaken  it  has  been  commented  upon  in  scientific 
papers,  notably  by  Mr.  Snell,  in  England.  At  any  rate  it  is  so 
familiar  to  me  that  I  would  scarcely  be  able  to  tell  where  I  first 
learned  of  it — where  the  impression  first  arose.  I  think  if  we 
stop  to  analyze  the  reaction  which  will  take  place  in  the  presence 
of  current  in  the  armature,  we  will  very  quickly  see  that  the 
presence  of  cnrrent  and  the  reaction  attending  it  must  change  the 
aistribution  of  the  lines  of  force.  That  change  of  distribution  is 
followed  by  a  rapid  re-distribution  at  each  commutation  of  a  sec- 
tion. We  must  consider  it  as  taking  place  at  a  very  great  ve- 
locity and  being  distributed  or  bioken  up  again  at  a  very 
^reat  velocity,  but  not  necessarily  at  the  same  velocity* 
Kow  there  can  be  no  doubt,  and  I  tliink  the  facts  substantiate 
it,  that  when  there  is  current  passing  through  the  armature  it 
distorts  the  lines  of  force.  It  is  as  ii  the  armature  wires  moved 
them  bodily  a  short  distance,  the  space  of  one  section,  more  or 
less,  at  eacfi  commutation  and  thus  lengthened  their  lineal  path,  so 
that  the  portion  of  the  total  or  gross  magnetic  resistance  which  is 
due  to  the  air  gap  will  be  materially  lengthened,  because  the  lines 
of  force  are  stretched  out  by  the  current,  carried  onward,  and 
they  will  not  cut  the  armature  wires  until  they  have  been  carried 
forward  further  the  greater  the  armature  current.  I  think  that 
is  really  where  we  get  the  difference  of  magnetic  resistance  be- 
tween no  load  and  large  load,  although  a  certain  variation  takes 
?lace  in  the  magnetic  circuit  itself  in  consequence  of  hysteresis 
here  is  no  doubt  a  slight  disturbance  there  which  is  the  an- 
alogue of  the  spurious  resistance  due  to  self-induction  in  electri- 
cal circuits.  We  have  an  inductive,  magnetic  resistance,  so  to 
speak,  a  "live"  magnetic  resistance,  truly  inductive  in  one  sense. 
I  have  noticed  further  that  tliis  armature  resistance  increment 
is  a  certain  function  of  the  lead.  That  is  another  fact  which  near- 
ly all  who  have  had  practical  experience  with  dynamos  must  have 
noticed.  I  would  like  to  know  from  the  author  of  the  paper  or 
any  other  person  present  if  there  is  any  information  as  to 
what  kind  of  a  function  it  is  of  the  angle  of  lead.  I  think  it  is  a 
matter  of  the  greatest  interest,  theoretically  and  practically. 

Dr.  Bell  : — I  think  Mr.  Alailloux  is  right  in  saying  that  the 
increment  of  resistance  is  a  function  of  the  angle  of  leaa,  but  I  am 
afraid  it  is  also  a  function  of  the  shape  of  the  pole-pieces  and  two 
or  three  other  things  of  a  somewhat  difficult  charactei;  to  bring 
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into  any  simple  treatment.  If  the  increment  so  to  speak  of  air  re- 
sistance, pins  perhaps  an  increased  change  of  induction,  because  both 
may  enter  as  well  as  one,  rises  as  Mr.  Entz's  remarks  would  seem 
to  mdicate,  to  a  perceptible  amount  at  least  in  smooth  armatures, 
I  should  think  that  a  fair  approximation  miffht  be  made  by  the 
process,  which  is  apparently  tried  practically  of  adding  an  esti- 
mated amount  to  the  air  resistance.  In  other  words  this  would 
amount  to  adding  a  certain  amount  to  the  air  resistance.  I  at- 
tempted to  get  this  quantity  ^  by  taking  the  permeability  curve 
of  the  iron  and  laying  off  an  ordmate  from  the  point  of  no  load,  a 
quantity  proportional  to  the  air  resistance.  Now  taking  the  equal 
liney*  fl'  and  drawing  g  h,I  obtain  this  quantity  jp.  If  that  added 
air  resistance  amounts  to  a  considerable  quantity  I  should  say  that 
it  might  be  very  readily  taken  care  of  in  any  type  of  machine 
about  which  we  know  anything,  by  simply  taking  a  distance  here 
on  /  Oy  say  to  a  point  ^,  in  other  words,  being  mindful  of  the  fact 
that  the  air  resistance  increases  as  well  as  the  iron  resistance.  If 
we  can  form  any  approximate  idea  as  to  the  amount  of  this  in- 
crease we  can  take  account  of  it  in  this  very  simple  may,  which 
would  give  the  value  of  jp,  that  would  give  the  correct  number  of 
turns  for  compounding.  If  the  air  resistance  varies  in  any  lineal 
way  or  any  reasonably  simple  sort  of  curved  way,  that  graphical 
method  would  give  a  value  of  j5>  to  take  into  account  the  increase 
in  air  resistance.     I  would  like  to  have  Mr.  Entz  try  that. 

Mb.  Entz  : — I  say  we  found  it  very  nearly  proportional  to  the 
current  density  of  the  armature  diviaed  by  the  magnetic  density* 

Db.  Bell  : — In  other  words  it  varies  lineally. 

Mb.  Entz  : — Tes. 

Db.  Bell  : — In  that  case  it  may  be  very  easily  taken  into  ac- 
count by  simply  bearing  in  mind  the  lineal  change  in  laying  oflf 
the  second  \mefg.  That  woald  give  us  the  value  of  jp  including 
the  total  change  in  resistance,  which  would  then  give  the  correct 
number  including  that,  and  this  would  be  a  comparatively  simple 
term  added  to  our  theory  of  compounding.  Being  a  lineal 
quantity  it  is  very  readily  handled  and  will  admit,  I  think,  of  get- 
ting the  correct  value  of  jp  by  this  graphical  method  which  will 
bring  the  commutation  out  right. 

The  Pbesident  : — Are  there  any  further  remarks  on  the  paper 
of  Dr.  BeU?  If  not  we  will  call  for  the  second  paper  on  the  pro- 
gramme, by  Mr.  Steinmetz. 
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A    NEW    METHOD    OF    ANALYZING    ARMATURE 
REACTIONS   OF    ALTERNATORS. 


BY  CHA8.  8TEINMETZ. 


It  results  from  the  discussion  of  Mr.  Reid's  paper,  read  before 
the  Institute  last  month  that  the  assumption  of  the  constancy  of 
iV^j  the  field  magnetism  and  /?,  the  magnetic  resistance  of  an  alter- 
nator, can  not  generally  be  considered  true  enough  to  be  accepted, 
and  therefore  the  equations  given  by  Mr.  Reid  can  not  be  con- 
eidered  complete,  although  being  very  valuable  on  account  of 
their  simplicity. 

To  complete  those  equations  by  taking  into  consideration  the 
pulsating  nature  of  the  field  magnetism,  which  fluctuates  by  more 
than  50,^  in  the  kind  of  alternator  tested,  as  shown  in  the  paper 
of  Messrs.  Tob«y  and  Walbridge,  and  by  considering  the  period- 
ical variations  of  />,  we  start  from  the  fundamental  equation  (6), 
given  in  Mr.  Reid's  paper. 

By  substituting  equation  (8),  this  equation  (6),  takes  the  form: 

where  we  introduce,  instead  of  the  magnetic  resistance  /o,  its 
inverse  value,  the  magnetic  conductivity, 

in  order  to  make  tlie  e(|uation  hold  also  for  the  other  method  of 
considering  the  phenomena,  by  means  of  the  term  "coefficient  of 
self -induction/'  tJiis  being  proportional  to  the  magnetic  conduc- 
tivity by  the  equation : 

L  ^  S'  (I. 
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Substituting :  ^—  Mij  introducing  the  transformation : 

-  ^  ^.  (4) 

T 

and  substituting,  s  ^^  ~  -  ^  (5) 

we  get : 

8Ri=^ ~\SJ!f(iOQ<p  +  S''t^i\\  (6) 

or,  expanded:     . 

S^txj^  +  8Ri-\^8^i^~SN^mip  —  8iio%ip^,    (7) 

as  the  complete  differential  equation  of  the  phenomenon. 

Now  we  have  to  consider  iT,  p  and  //  also  as  periodic  func- 
tions of  the  time  t^  and  therefore  of  the  angle  <p ;  but  as  such 
functions,  which  have  two  periods  during  one  period  of  the  alter- 
nating current,  and  therefore,  as  univalent  periodics,  they  must 
have  the  form : 

iV^  =  jP  -j-  Xj  sin  2  ^  +  *2  sin  ^  f  -\' 

+  j9i  cos  2  ^  -f"  ^52  cos  4  ^  4" 

^i  _  <7  +  ^1  sin  2.  ^  4"  Ca  sin  ^  ^  + 

-\-  f  1  cos  2  ^  +  f  2  cos  4  ^  + 

In  the  first  approximation,  by  using  only  the  first  three  termg 
of  each  expression,  and  making  some  changes,  these  equations 
assume  the  form : 

N^t  —  GQ0B{2<p  —  a)  ) 

[  (8> 

fi  —  a  —  ;'  cos  {2ip  —  d)  ) 

Substituting  these  values  in  equation  (7),  we  get : 
xS'j^— y'C08(2v'  — '>)  |^  +  *J?2  +  2AS'^r«'8in(2^  — «?)= 

=  SF—  SG  I  sin  f  cos  i^lif  —  a)  +  2  cos  ^  sin  (2<f  —  a)  [  ,  (0) 

the  complete  diflFercntial  ec^uation  of  an  alternator,  where  a  is 
the  angle  of  lag  of  the  field  magnetism,   and   /?  the  angle  of 
magnetic  lag,  caused  by  hysteresis  and  eddy-currents. 
This  equation  (9)  is  integrated  by  the  periodic  function : 

i  =  A&m  if  -{-  B  Q.0^  f  -{-  C  sin  Zip  -{-  D  cos  3^,       (10) 

if  we  neglect  the  exponential  factor  of  the  integral,  which  gives 
the  phenomena  in  starting  the  alternator,  but  disappears  after  a 
few  thousandths  of  a  second.  ^.^^^^^^^  by  Google 
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Value  (10)  substituted  in  equation  (9)  gives  us,  after  cancelling 
all  the  terms  of  tertiary  order :  Gy^  Ofi  Dy^  etc.,  and  making  a 
few  changes,  for  the  determination  of  the  coefficients  A^  B^  (7, 
2>,  an  identical  equation  in  sin  f ,  cos  ^ ,  sin  3^,  cos  3f . 

The  coefficients  of  this  equation  placed  0,  gire  ub  four 
^nations,  from  which  we  get : 

^°/^_^^^.«|'^^  +  |(tf^'Bina-«JgeoBa) 

rFS*.    ,) 

+  rJ^o^^\  ill) 

+  3  «7  Scoa  (t?  —  e)]  —  a  (?  [«  ^  cos  a  —  3  tf  iS'sin  o]  I 

—  8a  jSsm  (i>  —  e)]  +  <7  G^  [«  jB  sin  a  +  3  <t  /S'cos  a  ]  I  . 

These  values  substituted  in  equation  (10),  give,  after  cancelling 
again  the  terms  of  tertiary  order,  substituting  (6),  and  calling  the 
number  of  periods  per  second, 

^  — ^  ,  (12) 

the  expression  for  the  armature  current  in  the  alternator : 
2  7TnFS  .    t  . 


^V7 


4  ff*  «» «7"  /S* 


:in  G  S  i      Bin  (y  —  «  —  e)       ,   3  sin  (3  y  —  a  —  nj)     ) 
H        (  a/~       4:7:»n^ff*  S*      sj  ^    ,    36  g»  ^»  g»  ^*  ) 

2  ;:»  n'  r  ■^'S" (_    cosjf— >)__ 

V    1  H  2^  V    1  H  ^ 

_  3  cos  (3  y  —  t?  —  e  —  )y  ) 
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where  we  introdaced  the  substitutions: 

-^ -tane,  (14) 

— —  tan  3y  —  3  tan  9,  (15) 

the  angle  of  lag  of  the  armature  current. 

From  this  equation  (13)  we  get  the  square  root  of  the  mean 
square,  or  the  effective  current : 
^       \r^7tnF8  J,         G 

/=  -y» ,  {1  —  ;r-^C06  a 


;rn  7^  ^' sin  (tf  —  e) 


2J?A/T~Tra;^ 


^}.     (16) 


The  first  term  of  this  expression  is  the  value  given  in  Mr. 
Eeid's  paper  imder  equations  (16),  (17),  (19), 
and  therefrom  the  E.  M.  F.: 


cos  a 


^_       V2nnFS  (  . G^ 

"  a/ttizz;^  t      2  F 

_       nny  8^  sin  {d-  —  e)      )        .^^ 

^  ^  v^TIiIiZZZZ? ' 

For  a  Constant  Potential  alternator,  where  the  self-induction 
of  the  armature  current  is  low  enough  to  be  neglected,  equation 
(17)  assumes  the  form  : 

TP        ./-^         TP  iy  S  ^          ^                  ;r  71  r  4?*  sin  ((?  —  e)l/io\ 
^  =  V  ^nn  FS  j  1  —  g^cos  a *- — ^-^^ ^  J  (18) 

Here  again  the  first  term  is  given  in  Mr.  Reid's  paper  under 
figure  (20). 

For  a  Constant  Cukbbnt  alternator,  where  the  self-induction  of 
the  armature  is  so  high  that  the  other  terms  may  be  neglected, 
equation  (16)  takes  the  form : 

its  first  term  given  in  Mr.  Reid's  paper  in  equation  (16.) 
If  there  are  no  precautions  taken  against  the  fluctuations  of 
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the  field  current,  angle  a  approximates  0 ;  and  cos  a  therefore 
—  1. 

On  the  other  hand,  the  influence  of  tlie  second  term,  the  fluctu- 
ations of  the  exciting  current,  can  be  decreased  by  increasing 
angle  a,  therefore  decreasing  cos  a\  that  is,  by  throwing  self- 
induction  in  the  exciting  circuit. 

This  latter  i)henonienon  I  had  occasion  to  observe  some  time 
ago,  the  potential  of  an  alternator,  which  I  tested,  being  raised 
from  22  volts  to  160  volts  by  means  of  two  impedance  coils 
(transformers  with  open  secondary),  connected  in  the  exciting 
circuit. 

An  approximate  calculation  shows  that,  although  the  term  of 
magnetic  saturation,  the  third  term,  in  equations  (16)  to  (19),  is 
small  enough  to  be  neglected  in  most  cases,  the  second  term, 
which  accounts  for  the  influence  of  the  fluctuations  of  the  excit- 
ing current,  can  not  well  be  neglected. 

Even  the  equations  given  above  can  hardly  be  considered  as 
an  absolutely  complete  solution  of  the  problem  of  armature  re- 
actions of  alternators,  because  they  still  neglect  terms  of  tertiary 
order. 

But  they  will  be  found  to  hold  for  almost  all  the  types  of 
modern  alternators,  and  only  in  those  few  machines,  where  the 
fluctuations  of  the  field  current  are  unusually  heavy,  (especially 
where  the  electric  induction  is  produced  by  changes  of  the  mag- 
netic resistance,  and  field  magnetism  and  armature  magnetism 
are  connected  in  series  in  the  magnetic  circuit),  do  those  fluctua- 
tions become  so  important,  that  a  more  particular  calculation  of 
them,  including  the  consideration  of  the  self-induction  in  the 
field  circuit,  has  to  be  made.  Into  this,  however,  I  do  not  need 
to  enter  deeper,  because  such  machines,  although  they  were 
operated  many  years  ago  (Klimenko's  alternator,  for  instance, 
tested  at  the  Electrical  Exhibition  in  Vienna,  1883),  have  not 
come  into  more  extensive  commercial  use. 
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Discussion. 

Mr.  Thorburn  Reid  : — Mr.  Chairman :  It  has  given  me  great 
pleasure  to  find  that  Mr.  Steinmetz  has  been  able  to  make  use  of 
my  ecjuations  to  carry  the  analysis  on  to  a  further  degree  of  ap- 
proximation. I  have  not  attempted  to  apply  them  to  any  machine 
except  that  of  Mr.  Stanley's,  described  at  our  last  meetin^^ 
and  as  I  found  them  amply  sufficient  for  that  purpose,  1  did 
not  go  any  further.  Having  accomplished  the  purpose  with 
which  I  started  the  analysis,  I  laid  it  aside  to  ga 
into  other  matters  requiring  more  immediate  attention.  Mr. 
Steinmetz's  approximation  would,  I  have  no  doubt,  be  of  use  in 
some  forms  ot  alternators  with  which  I  have  not  come  in  contact 
and  I  see  that  he  mentions  one  case  where  they  would  ha^e  been 
immediately  applicable.  Now  in  regard  to  the  application  of 
the  method  to  tlie  Stanley  arc  machine,  I  saw  the  difficulties  he 
mentioned  before  I  finished  the  analysis.  But  as  I  mentioned  at 
the  last  meeting,  considered  them  o\  small  enough  value  to  be 
neglected.  The  large  variation  of  the  field  current  shown  by 
Messrs.  Tobey  and  Walbridge's  paper  rather  staggered  me 
at  first,  but  on  thinking  over  the  matter  I  came  to  the  conclusion 
that  that  fiuctuation  is  not  as  great  as  it  appears  at  first  sight.  Mr. 
Steinmetz  remarks  that  the  magnetism  varies  more  than  50  per 
cent.,  but  if  he  will  consider  the  matter  he  will  see  that  not  the 
magnetism  but  the  Ji^ld  current  varies  50  per  cent.  Now  tho8e^ 
of  you  who  are  familiar  with  E wing's  curves  of  hysteresis  will 
remember  that  he  forms  some  loops  in  those  curves  by  stopping 
the  current  at  some  point  and  going  back  on  its  tracks  a  little  way, 
returning  to  his  starting  point,  and  if  yon  remember  the  form 
and  position  of  those  loops  you  will  see  that  they  show  the  mag- 
netism as  varying  verv  little  with  an  enormous  variation  in  the 
E.  M.  F.  and  especially  is  this  the  case  where  the  saturation  is 
high  as  it  is  in  Mr.  Stanley's  alternator.  Thus  a  very  small  varia- 
ation  in  the  magnetism  will  account  for  a  very  large  varia- 
tion in  the  current.  Therefore  the  constant  g  equation  (h)  is  likely 
to  be  very  much  smaller  than  would  appear  at  first  sight.  Fur- 
ther, a  reference  to  the  curves  in  Messrs.  Tobey  and  Wal- 
bridge's  paper  shows  that  the  lag  of  the  field  current  varies  only 
a  few  degrees  from  short  circuit  to  full  load  and  that  its  maxi- 
mum almost  exactly  coincides  with  that  of  the  armature  current. 
Therefore  the  value  of  the  magnetic  fiux  at  the  instant  when  the 
armature  pole  is  opposite  the  field  pole  must  vary  very  little  since 
the  instantaneous  values  at  the  maximum  point  are  varying  very 
slowly.  Taking  all  these  points  into  consideration  then  it  ap- 
pears to  me  that  the  infiuence  of  this  term  will  be  vanishingfy 
small  and  even  if  it  were  not  so,  there  are  so  many  other  var- 
iations at  least  as  large  affecting  the  result  that  the  addition  to 
this  term  would  be  of  doubtful  utility  for  practical  purposes  and 
even  for  theoretical,  unless  other  variations  are  also  allowed  for. 

The  third  term  in  Mr.  Steinmetz's  equation  (19),  he  appap- 
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entl y  does  not  consider  of  importance  nor  do  I.  Not,  however, 
because  it  is  small,  though  it  niaj  be  as  far  as  I  know,  but  be- 
cause its  effects  would  be  impossible  of  prediction  in  view  of  the 
otlier  variables  of  which  no  account  has  been  taken  as  yet,  and 
which  I  will  now  mention. 

From  Mr.  Steinmetz's  second  equation,  I  judge  he  must  have 
been  mistaken  in  the  meaning  that  I  gave  to  fi  in  my  paper  or 
else  overlooked  the  imi)ortance  of  some  terms  that  are  left  out  of 
that  equation,  supposing  them  to  be  constant.  (>  is  not  equal  to  the 
reciprocal  of  ft  but  to  //  multiplied  by  Z  divided  by  A,  Both  L 
and  A  are  variable  during  the  revolution  of  the  armature  and 
their  variation  is  probably  much  greater  than  that  of  //.  Of 
course  the  variation  will  have  to  be  added  to  that  of  the  mag- 
netic circuit ;  and  right  here  another  complication  will  step  in, 
namely  the  fact  that,  as  resistance  is  added  in  the  main  circuit 
more  lines  will  go  through  the  iron  inside  the  coil  and  less 
through  the  iron  around  the  coil.  The  resistance  of  these  two 
parts  of  the  magnetic  circuit  will  thus  be  changed  to  a  consider- 
able extent.  In  other  words,  fi  will  change  not  only  during  a 
revolution  of  the  armature,  but  also  while  the  resistance  is  being 
changed  in  the  main  circuit.  One  more  complication  that  has 
not  been  considered  and  I  will  stop,  though  I  might  mention 
others.  The  fluctuation  of  the  field  current  is  affected  by  the 
various  varying  values  of  /2,  by  the  change  in  the  magnetic  resist- 
ance due  to  rotation  of  the  armature  and  the  eddy  currents 
which  must  be  considerable,  since  the  field  is  not  laminated. 
There  is  every  reason  to  believe  then  that  in  Mr.  Stanley's  ma- 
chine at  least,  the  terms  introduced  in  Mr.  Steinmetz's  equation 
will  not  materially  help  us,  in  view  of  the  number  of  other  terms, 
equally  as  important  which  would  have  to  be  introduced  to  com- 

fletely  solve  the  problem.  As  I  have  said  before,  the  equation 
obtained,  agrees  nearly  enough  with  the  actual  performance  of 
the  machine  for  all  practical  purposes  and  furnishes  a  means  of 
designing  the  machine  intelligently.  In  applying  these  equa- 
tions, I  had  to  do  it  by  means  of  the  curve  oi  current  and  elec- 
tro-motive force  obtained  in  practice.  There  was  no  way  that  I 
could  get  up,  of  measuring  the  length  and  cross-section  of  the 
magnetic  circuit  of  the  armature.  I  obtained  the  value  of  p  bv 
means  of  one  point  on  the  curve  of  current  and  e.  m.  f.  which 
is  obtained  by  practice,  and  substituted  in  the  equation.  Now 
that  is  a  very  rough  method,  but  what  I  discovered  was  that  my 
equation  agreed  with  the  curve,  or  rather  the  curve  was  very 
nearly  expressed  by  my  ecjuation,  so  that  it  appears  tome  that  the 
equation  was  close  enough  for  all  practical  purposes. 

I  hope  neither  ^Ir.  Steinmetz  nor  any  one  present  will  think 
that  I  am  underrating  the  importance  of  the  equation  which  he 
has  evolved  in  so  masterly  a  manner.  lie  has  had  experience 
with  machines  which  I  have  never  been  called  on  to  analyze,  and 
the  terms  that  I  have  neglected  may  be  of  great  imnprtance  in 
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those  machines  and  the  other  difficulties  may  be  so  small  as  to  not 
materially  affect  the  result.  In  that  case  bis  equation  will,  no 
doubt,  be  of  great  value  and  in  any  case  it  is  important  as  throw- 
ing more  light  on  a  very  difficult  and  complicated  analysis  and 
some  one  who  has  more  time  and  a  better  knowledge  of  mathe- 
matical processes  than  1  have,  may  be  Mr.  Steinmetz  himself, 
may  be  able  to  take  in  the  other  variations  and  obtain  a  complete 
analysis  of  the  machine.  I  would  like  to  suggest  to  Mr.  Stein- 
metz  the  question  as  to  whether  it  would  not  tlirow  more  light  on 
the  matter  to  carry  out  his  sine  series  to  a  further  point  in  view 
of  the  many  variables  that  affect  the  final  result.  This  I  am 
afraid,  however,  would  lead  to  so  complicated  an  equation  that 
it  would  be  impossible  to  determine  the  constants,  not  to  speak 
of  the  integration.  Some  of  the  higher  orders  may  be  of  more 
importance  also  than  those  included. 

Mr.  Steij^metz: — I  can  hardly  remember  all  the  remarks  Mr. 
Reid  offered  here,  and  can  answer  therefore  only  a  few,  which  1 
just  remember. 

In  regard  to  the  term  //  in  equation  (2),  I  believe  Mr.  Reid 
misunderstood  me.  I  introduced  this  //  only  for  convenience's 
sake,  as  the  inverse  value  of  the  term  />,  which  Mr.  Reid  used ; 
but  this  ji  has  nothing  do  do  with  the  "  magnetic  susceptibility" 
or  "  specific  magnetic^  conductivity,  as  follows  from  the  equa- 
tion (8). 

The  eddy-currents  induced  in  the  field  iron  of  the  machine,  and 
the  hysteretic  lag  are  accounted  for  already  in  my  equations  by 
the  angle  of  lag  of  field  magnetism  a,  and  its  amplitude  G. 

Furtliermore,  these  constants  7^,  G,  «,  L  f>,  can  very  well  and 
easily  be  calculated,  although  I  did  not  go  further  into  the  con- 
sideration of  these  terms,  because  I  intended  to  give  only  a  short 
note  on  this  analytical  method. 

If  I  proposed  to  determine  these  constants,  I  would  try  the  fol- 
lowing way : 

The  terms  jF,  G^  a  are  very  much  independent  of  the  armature 
circuit,  and  depend  especially  upon  two  factors : 

1.  The  shape  of  the  iron  circuit  of  the  machine. 

2.  The  self-induction  of  the  field  circuit,  and,  if  this  is  not  lami- 
nated, but  an  ordinary  cast-iron  field,  the  amount  of  eddies  in- 
duced therein. 

Only  a  certain  part  of  the  lines  of  majrnetic  force,  induced  by 
the  armature  current,  will  go  through  the  magnetic  field  circuit, 
and  this  part  will  be  greater  or  smaller,  according  to  the  shape  of 
the  magnetic  field  circuit ;  for  instance  pretty  small  for  a  smooth 
armature  or  an  armature  with  wide  overlapping  teeth,  still  smaller 
for  a  disc  armature  and  long,  highly  saturated  field  magnets,larger 
in  those  fly-wheel  types  of  alternators  very  often  proposed  and 
hardly  ever  used. 

Let  d  =  this  percentage  of  armature  lines  going  through  the 
field  circuit.  ^  , 
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In  the  alternator  which  I  referred  to  at  the  last  meeting,  this 
percentage  was  1,  that  is,  all  the  armature  lines  went  through 
the  field  circuit;  the  machine  was  intentionally  built  so,  for  car- 
rying out  some  experimental  researches.  This  feature  explains 
the  unusually  heavy  fluctuations  of  the  field  current  in  this  par- 
ticular machine. 

Then  the  whole  number  of  armature  lines  going  through  the 
field  circuit  will  be: 

Jf  1  =  8  S  fii  COB  if 

and  the  number  of  lines  produced  by  the  field  exciting  current 
proper  therefore : 

iT—  M^  =  F—  G  cos{2  ip  — a)  — d  S  fii  COB  ip 

where  for  the  current  only  the  first  term  of  equation  (13)  is  suffi- 
ciently exact : 

.       2  7rnFS 

Now  0  being  the  field  exciting  current,  /S'Hhenumber  of  field 
turns,  fJL^  the  magnetic  conductivity  of  the  field  circuit,  the  number 
of  lines  inducedby  the  field  current  is : 

=-^  S'fJL'c 

and,  this  being  =  iT —  M^ 

gives  us  the  differential  equation  for  the  determination  of  F^  G^  a 
which  differential  equation  still  contains  the  term  o,  the  field  cur- 
rent: 

This  field  current  is  obtained  in  the  following  manner  : 
May  £  denote  the  e.  m.  f.  of  the  exciter  dynamo,  r  the  field  re- 
sistance.    The  E.  M.  F.  induced  in  the  field  circuit  by  the  fluctua- 
tions of  the  magnetism  is  then : 

e  ^  —  x?^  -_   -  = sm  (2  f  —  a) 

at  8 

and  the  field  current  is : 

li  —        —    cos  (o  sm  (2  c^  —  a  —  w^) 

8 

r 

where  to  and  co^  give  the  shifting  of  phase  and  the  decrease  of 
amplitude,  caused  by  self-induction  and  by  the  eddy-currents  in 
the  field  iron,  calculated  by  the  well-known  equations  of  inductive 
resistances  and  transformers  (the  eddy-currents  taking  the  place 
of  the  secondary  current  in  the  transformer,  for  no  eddies  w  ^''{uf). 
This  value  c  substituted  in  the  equation  derived  before : 
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gives  us  a  simple  difEerential  equation  in  2  ^,  which  can  be  inte- 
grated very  easily,  and  gives  the  proper  values  F^  G^  a. 

In  regard  to  the  periodic  function  //,  the  amplitude  X  is  the  de- 
crease oi  magnetic  conductivity  for  the  maximum  saturation  used 
in  the  alternator,  and  to  find  the  shifting  of  phase  /?,  we  may  as- 
sume that  the  minimum  of  fx  occurs  together  with  the  maximum 
of  current  i,  with  a  small  advance  of  phase  ^  due  to  hysteresis,  (so 
that  the  minimum  of  ft  takes  place  a  little  before  the  current  i 
reached  its  maximum.) 

Then  we  have  2p  —  d  ==  O  iov\  w  —  s  —  90^  —  (o  and 
therefore :  d  =  180^^  +  2  e  —  2  ^ 

or:  tf  =2e  — 2^  — 180^ 

Dr.  Pupi:^  : — I  would  like  to  make  a  very  short  remark  only. 
Mr  Steinmetzobtainttd  the  wave  of  the  current  to  be  composed 
of  several  waves.  Some  having  the  period  of  the  alternator  and 
others  having  a  triple  period ;  besides,  the  waves  differ 
in  phase.  That  would  mean  that  the  resultant  wave 
wjuld  have  a  larger  lag  than  found  experimentally,  and 
it  would  also  mean  that  the  wave  which  they  obtained  experi- 
m  311  tally  would  not  be  a  simple  harmonic  wave,  but  would  nave 
kinks  in  it.  It  follows  from  the  fundamental  differential  equa- 
tion for  the  currents  in  an  alternator  that  as  soon  as  we  have  two 
periodic  quantities  in  it  besides  the  current — that  the  solution 
cannot  give  us  a  periodic  function  which  is  a  simple  harmonic 
"We  have  seen  that  as  soon  as  an  arc-lamp  is  introduced  into  the  cir- 
cuit, there  is  introduced  besides  the  variable  coefficient  of  mutual 
induction  iV,  another  simple  harmonic  variable  which  is  the  re- 
sistance of  the  total  circuit,  and  we  obtain,  as  was  shown  experi- 
mentallv,  a  complex  harmonic  for  the  wave.  In  the  case,  how- 
ever, wnere  we  nave  incandescent  lamps  in  the  circuit  a  simple 
harmonic  wave  is  obtained  for  the  current  and  e.  m.  f.  It  fol- 
lows therefore  that  every  integral  which  gives  us  anything  but 
the  simple  harmonic  for  an  incandescent  circuit  disagrees  with 
the  experimental  facts. 

I  find  that  if  we  introduce  iTas  a  simple  harmonic  function,  but 
let  p  remain  constant  we  really  obtained  a  simple  harmonic  wave, 
which  is  in  perfect  agreement  with  the  experimental  facts,  and  a 
short  consideration  shows  that  p  is  really  a  constant,  p  depends 
on  two  things  ;  first,  on  the  permeability  of  the  iron  in  the  arma- 
ture, and  secondlv  on  the  permeability  of  the  iron  in  the  field 
magnets.  Now  if  the  saturation  of  the  iron  in  the  armature  is 
not  carried  beyond  nine  or  ten  thousand  lines  of  force  to  the 
square  centimetre,  then  the  coefficient  of  permeability  remains 
practically  constant,  as  we  know  from  Ewing's  curves.  Now  I 
was  told  by  Mr.  Reid  at  the  last  meeting  that  the  magnetization 
of  the  iron  in  the  armature  was  not  carried  beyond  nine  or  ten 
thousand  lines  of  force  per  square  centimetre.  Therefore,  as  far 
as  the  armature  is  concerned,  the  quantity  p  in  Mr.  Re^i^^paDftr 
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or//  in  Mr.  Steinmetz's  paper  is  a  constant  quantity.  Kext  we 
have  to  examine  what  influence  has  the  iron  in  tne  field  mag- 
nets upon  the  coefficient  of  permeability  of  the  armature  circuit  ? 
The  iron  in  tl.e  field  magnets  is  magnetized  to  a  pretty  high  de- 
gree of  saturation;  perhaps  fourteen  thousand,  perhaps  twenty 
tliousand  lines  of  force  to  the  square  centimetre.  The  armature 
current  acts  always  in  such  a  way  as  to  tend  to  demagnetize  the 
iron  in  the  field  magnet.  Now  we  know  when  iron  is  highly 
magnetized,  if  a  force  be  applied  in  the  o]»posite  direction  tend- 
ing to  demagnetize  it,  that  the  resistance  of  the  iron  to  the  sec- 
ond force  is  almost  as  great  as  the  resistance  of  air.  I  heard  this 
fact  first  mentioned  by  Mr.  Eickemeyer  of  Yonkers,  a  man  who  has 
large  practical  experience  in  these  matters,  and  I  examined  that 
point  also  from  Ewing's  curves.  It  really  follows,  when  iron  is 
magnetized  to  a  considerable  degree  of  saturation,  that  if  we  ap- 

?»ly  a  force  in  the  opposite  direction  to  demagnetize  it,  that  for 
orces  smaller  than  the  force  which  produced  the  first 
magnetization,  the  coefficient  of  permeability  is  almost 
as  small  as  that  for  pure  air.  Therefore  as  far  as  the  magneto- 
motive force  of  the  armature  current  is  concerned,  the  magnetic 
resistance  of  the  field  magnet  is  the  same  as  that  of  air.  There- 
fore the  magnetic  resistance  opposed  to  the  magneto  motive  force 
of  the  armature  current  depends  only  on  the  condition  of  the  iron  in 
the  armature  and  therefore  as  long  as  that  iron  is  not  magnetized 
above  the  ten  thousand  lines  of  force  to  the  square  centimetre,  the 
magnetic  resistance  opposed  to  the  current  in  the  armature  is 
constant  throughout,  and  if  we  make  that  supposition  in  our  dif- 
ferential equation  and  substitute  for  iV^the  induction  due  to  the 
field  magnet,  a  simple  harmonic  function  as  I  suggested  at  the 
last  meeting,  ^the  conditions  of  our  problem  suggest  a  simple  har- 
monic function  for  it)  if  we  make  that  substitution  for  iT,  we  get 
a  solution  exactly  the  same  as  Mr.  Reid's,  only  the  constants  will 
differ  somewhat ;  the  wave  of  the  current  will  be  a  simple  har- 
monic wave,  and  that  is  just  what  the  experiment  found  it  to  be. 
Mr.  Steinmetz: — I  made  the  same  observation,  that  by  as- 
suming only  N  as  variable,  the  differential  equation  of  the  alter- 
nator gives  a  finite  integral. 

But,  having  spoken  of  the  variability  of  the  term  p  in  the  last 
meeting,  I  thought  it  my  duty  to  get  the  variability  of  //  into  the 
equations  too,  to  make  them  complete,  although  a  numerical  cal- 
culation showed  me  that  at  least  in  the  alternator  tested  by 
Messrs.  Tobey  and  Walbridge  this  third  term  is  rather  small  and 
unimportant,  as  I  already  stated  in  my  paper,  so  that  it  does  not 
show  up  in  the  current  curves 

1  just  now  remember  another  remark  in  Mr.  Reid's  answer, 
about  the  decrease  of  the  fluctuations  of  field  magnetism  due  to 
hysteresis.  It  is  not  hysteresis  alone,  which  causes  a  discrepancy 
between  field   magnetism  and  field  exciting  current^J)ut  those 
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considerations  given  above  for  calculation  of  the  field  constants 
jfiy  Gy  a,  etc.,  show  that  the  field  magnetism  does  not  go  together 
with  the  exciting  current,  but  differs  in  phase,  and  has  a  smaller 
amplitude  than  the  current,  because  of  the  eddy  currents  and  of 
the  *•'  back-induction"  to  use  this  improper  term,  from  the  arma- 
ture circuit  to  the  field. 
Adjourned. 
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Superintendent,        Westinghouse  < 
Electric  &  Mfg.  Co. ,  Pittsburgh, 
Pa. 

Electrical  Engineer, 

Thomson- Houston  Electric  Co., 
Lynn,  Mass. 

TheElektron  M'fg  Co.. 
79  Washington  St., 

Brooklyn.  N.  Y. 

Assistant  Electrician,  The  Met- 
ropolitan Telephone  and  Tele- 
graph Co..  18  Cortlandt,  and 
159  W.  94th  St.,  N.  Y.  City 

Railroad  Inspector,  The  Edison 
General  Electric  Co.,  Edison 
Building,  Broad  Street,  New 
York  City,   and  Jamaica,  N.  Y. 

Electrician's  Assistant,  United 
Electric  Traction  Co.,  107  Gar- 
rison Ave.,  Jersey  City,  N.  J. 


Endorsed  by 

Wm.  Stanley.  Jr. 

Henry  Morton. 

Wm.  E.  Geyer. 

H.  A.  Foster. 

W.  E.  Geyer. 

J.  A.  Seely. 

.  B.  Shallenberger. 

Nikola  Tesla. 

Jos.  Wetzler. 

Jas.  B.  Cahoon. 

E.  W.  Rice,  Jr. 

A.  L.  Rohrer. 

T.  C.  Martin. 

Jos.  Wetzler. 

Geo.  M.  Phelps. 

Geo.  A.  Hamilton. 

T.  C.  Martin. 

Geo.  B.  Prescott,  Jr. 

J.  H.  Vail. 
D.  C.  Ta 


Jackson. 
Jos.  Wetzler. 

Jos.  Wetzler. 

Geo.  M.  Phelps. 

R.  W.  Pope. 


Council  Meeting,  November  i8th,  1890. 


Name. 

DicKERMAN,  George  W. 
Donner,  William  H. 


Logan.  Charles  II. 


Otten,  Dr.  Jan  D. 


Address. 
Ass't  to  General  Manager. 
Eureka  Electric  Co.,  173  Fifth 
Ave..  New  York  City. 
Designing      Draughtsman,      and 
Electrical   Engineer,  Thomson- 
Houston      Electric     Co.,     113 
Franklin  St.    Lynn,  Mass. 
General  Manager, 

Standard  Electric  Co., 

Detroit,  Mich, 
Engineer,  Thomson-Houston  In- 
ternational Electric  Co.,  Michaels- 
brucke  i,  Hamburg,  Germany. 


EDdorsed  by 

Osbom  P.  Loomis. 

Gilbert  Wilkes. 

R.  W.  Pope. 

C.  J.  Van  Depoele. 

A.  L.  Rohrer. 

Edward  Weston. 

W.  J.  Hammer. 
Geo.  M.  Phelps. 
Joseph  W^etzler. 
A.  L.  Rohrer. 
E.  W.  Rice,  Jr. 
Louis  J.  Magee. 


Total  4. 


Name. 
Alexander,  P.  H. 


Council  Meeting,  December  i6th,  1890. 


Address. 


Dressler,  Charles  E. 


Endorsed  by 
President,  Alexander,  Barney  and  R.  W.  Pope. 

Chapin,  20  Cortlandt  St.,  New  T.  C.  Martin. 

York  City.  Jos.  Wetzler. 

Maker  of  Scientific  and  Electrical  Alfred  G.  Compton. 

Apparatus,  College  of  the  City  Chas.  A.  Doremus. 

of  New  York,  17  Lexington  Ave.  H.  A.  Foster. 

New  York  City. 
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Name, 
FUNCH,  E.  L. 

Hamdlbt,  A&thur 
Mayi^,  Gio&gb 

MURFHT,  WM.  F. 

Paink,  F.  B.  H. 
Poor,  Chas.  Lane 
Sheldon,  Samuel,  A 

Spruson,  Wilfred  J. 

Suluvan,  M.  C. 

Waring,  John 
Total  12. 


Address. 
Draug^htsman, 

Mather  Electric  Co., 

Manchester,  Conn. 
Electrical  Engineer,  Electrical  En- 
gineering Co.  of  Ireland,  L't'd, 
6i  Dawson  St.,  Dublin,  Ireland. 
Mechanical  Draughtsman, 
Edison  General  Electric  Co., 
68  Broad  St.,  New  York  City. 
Electrician,  Spartanburg   Electric 
Light  and  Power  Co.,  Spartan- 
burg, S.  C. 
Consulting  Electrical  Engineer, 
Chas.  Paine  &  Sons, 
71  Broadway,  New  York  City. 
Tutor,  College  of  the  City  of  New 
York,  17  Lexington  Ave.,  New 
York  City. 
M,  Ph,  Z>.,  Professor  of  Physics  and 
Electrical    Engineering, 
Polytechnic  Institute,  Brookl3m, 
N.  Y.,  Residence,  20  Sidney  PI. 
Member  of  the  firm  of  Hepburn 
&  Spruson,  Consulting  Engineers 
and  Electricians,  169  King  St., 
Sydney,  Australia. 
With  the  Electrical  Engineer^ 
150  Broadway, 

New  York  City. 

Consulting  Electrician, 
The  Perkins  Electric  Lamp  Co., 
Manchester,  Conn. 


Endorsed  by 

W.  A.  Anthony. 

D.  C.  Jackson. 

David  E.  Lain. 

R.  W.  Pope. 

T.  C.  Martin. 

Jos.  Wetzler. 

A.  E.  Kennelly. 

A.  E.  Winchester. 

J.  H.  Vail. 

R.  W.  Pope. 

Jos.  Wetzler. 

T.  C.  Martin. 

Charles  A.  Terry, 

.H.  M.  Byllesby. 

Albert  Schmid. 

Alfred  G.  Compton. 

Chas.  A.  Doremus. 

Francis  B.  Crocker. 

Geo.  M.  Phelps. 

James  Hamblet. 

T.  C.  Martin. 

W.  J.  Johnston. 

Louis  Bell. 

Clarence  E.  Stump. 


I 


OS.  Wetzler. 
C.  Martin. 
R.  W.  Pope. 

W.  A.  Anthony. 
D.  C.  Jackson. 
David  £.  Lain. 


TRANSFERS  FROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by   Board  of    Examiners,  December  3,  1890,  Confirmed  by   Council 

December  16,  1890. 


BiNNEY,  Harold  Assistant  in  the  Practice  of  Patent 

Law,  245  Broadway,  N.  Y. 
DONNER,  William  Herbert  Designing    Draughtsman    and 
Electrical  Engineer,  TH  Elec- 
tric Co.,  Lynn,  Mass. 
Fbssenden,  Reginald  A.  Assistant  Electrician. 

U.  S.  Electric  Light  Co  , 

Newark,  N.  J. 
Hutchinson,  Dr.  Gary  T.  Electrical  Engineer, 

56  West  25th  St..  N.  Y. 
Perrine,  Dr.  Frederic  A.  C.  Supt.  Insulated  Wire  Dept., 

Roebling's  Co.,  Trenton,  N.  J. 
Webb,  Herbert  Laws       Asst.   Electrician.    Metropolitan 
Telephone  and  Telegraph  Co., 
New  York. 
Wolcott,  Townssnd         Consulting  Electrician, 

849  Greene  Ave., 

Brooklyn,  N.  Y. 


Elected 
Associate  Member 


Sept.  1 6th,  1890. 

.  Nov.  18,  1890. 

Oct.  21,  1890. 

Feb.  7th.  1890 

Sept.  i6th,  1890 

Oct.  2ist,  1890 


Mar^<6th.  i888f 
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